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THE BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


“When I was young Science was regarded as a poor 
relative of the Arts—now it is the Rich Uncle on whom 
we all depend.’’—-The Marquess of Salisbury. 


CIENCE needs more and more advertisement, 

interpretation and promotion. The British 
Association for the Advancement of Science was 
founded 126 years ago for this purpose, though its 
charter was not worded in such forthright terms. 
For many years after its foundation, the Association 
fulfilled its functions well, especially during those 
decades when there was nothing much more than a 
few newspapers and book-publishing houses which 
were able to act as means of mass communication 
and education. Then things went well, and the 
scientists of those days looked forward to their annual 
meeting from one year to the next. Nevertheless, 
only for one week during each year was the public 
able to learn a little about science and scientists, and 
for the other fifty-one weeks it had scarcely anywhere 
to turn for scientific enlightenment, unless an indi- 
vidual was sufficiently intrigued to join some local 
society. Moreover, only a few incidents, such as the 
Wilberforce—Huxley controversy at Oxford, seemed 
to arouse widespread and long-continued interest 
through the medium of the British Association. 

Gradually times and outlook began to change, and 
more recently attitudes towards things scientific have 
become quite serious and acute. Once upon a time, 
the British Association was not only the main 
forum for public discussion of science and the main 
medium for the promotion of interest in science 
(apart from the Royal Institution), but also its own 
agent. Except the learned journals and the more 
cultured (and therefore the less-widely read) news- 
papers, there was little or no means available to the 
non-scientist for following the advances being made 
in the various branches of science. The layman was 
left in the dark; certainly his curiosity was not 
aroused. Now all that has changed—indeed by 
science itself; and we have sound radio, television, 
the cinema, more and more popular newspapers and a 
few first-class journals which include in their multi- 
farious activities the interpretation and also the 
criticism of science. 

But for some time, in fact until comparatively 
recently, the British Association seemed to be 
unaware of this, and appeared oblivious of the 
demands of the public and the excellent oppor- 
tunities developing around it. It seemed to be gradu- 
ally drifting into dangerous complacency and even 
sterility due mainly to lack of youthful vigour. The 
meetings became annual events supported for one 
week by a few perennial scientific pillars. inter- 
mingling with the city fathers at an always-changing 
venue. Naturally such people looked forward to that 
week ; but the younger and more productive scientists 
stayed away, and the public consequently suffered. 
During those times, the non-scientific public was 
apathetic anyhow, for was not science the poor 





relative of the arts? Nevertheless, the British 
Association did little to stir the public out of its 
apathy ; in fact, the annual meeting became the sub- 
ject of keen criticism and complaint among the 
younger scientists, pressmen and the more interested 
general public. 

It would serve no useful purpose to seek the reasons 
for all this : it is sufficient to realize that the present 
officers of the Association are aware that such things 
did happen. Now it has become increasingly evident, 
especially during the past few years, that the British 
Association is determined to put its house in order. 
It is now alive to its limitations and very aware of 
its opportunities. The main conditioning factor is 
the financial one, and here it is the duty of others to 
help. The opportunities for valuable work are now 
available, and, given relief from financial anxiety, 
the Association is becoming fully equipped and 
anxious to take advantage of them. 

It is desirable, however, to point out a few changes 
in policy which appear to have been deliberately, 
though quietly, instigated, for they point the way to 
still further improvements. It is certain that during 
the past few years each annual meeting has been 
better organized, with the result that the Association 
is attracting more interest and more and more 
publicity, and thus doing what it was always meant 
to do—reaching the public eye and ear. For a long 
time, the elected presidents seemed to alternate in 
interest and achievement—one year a man from the 
life sciences followed the next year by one from the 
physical sciences. This must have made things 
somewhat difficult for the Council. It certainly 
resulted sometimes in the election of a president 
whose claim to the great honour was based mainly 
on the fact that he was a successful scientist and 
possibly had attended the annual meetings with 
uninterrupted regularity over a long period. The 
result was now and then disappointing, on occasions 
even lamentable; and some presidential addresses 
proved to be incomprehensible even to the scientists 
themselves. It seemed, moreover, that this tendency 
to specialize percolated throughout the entire 
organization, affecting (as was once pointed out by 
Sir Arthur Keith) the sections and their presidents. 
The few younger research workers who attended the 
meetings often did so with the main purpose of 
presenting a research paper which should never have 
been accepted by the British Association at all; 
for the Association is not in the academic sense a 
learned society but rather a teaching and promotion 
organization. 

Reaction to this over-specialization began to set in, 
and too many scientists either lost or never~even 
gained any interest in the activities of the Association ; 
some who were interested in its fundamental aims 
lost heart, and the public grew bored. Moreover, some 
newspaper editors and reporters waxed critical and 
resentful because they could find little at a British 
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Association meeting likely to interest their readers ; 
not so much because interesting topics were absent 
but because they were presented and interpreted so 
badly that those responsible for writing news or 
feature articles found themselves out of their depth. 

Recent presidential elections and changes in general 
organization, however, have revealed a determ- 
ination to get away from all this. The Association 
is wisely selecting each year as president a man who is 
not only a scientist but also one of many parts. He 
is not one of Lord Hailsham’s ‘‘egg-heads’’, but a 
man who is sincerely concerned with the advancement 
of science outside his own subject and who has proved 
himself capable of discussing science, its applications 
and implications, in a very comprehensive and pictur- 
esque way which the public likes and can assimilate 
and appreciate. Some such presidents have been men 
of drive, fearless in the expression of their views, even 
when these have been unpopular at the time. This is the 
kind of president the British Association needs, and 
will always need ; and it is the kind which it has been 
having more recently, such as H.R.H. The Duke of 
Edinburgh, Sir John Russell, Prof. P. M. 8. Blackett 
(the outgoing president) and Sir Alexander Fleck 
(the incoming one). 

As in any such large organization, individuals are 
important to the British Association, and this does 
does not mean just members of Council and those who, 
in their turn, make their appearance before the 
public. Many ideas must inevitably emanate from 
the permanent staff, in spite of the fact that they may 
have to be put into effect by the president, presidents 
of sections, recorders, and those taking part in the 
reading of papers and in discussions. In the case of 
the British Association itself, important changes and 
developments have recently been instituted, others 
are in process of expansion, and still others are 
contemplated and being discussed (see p. 8 of this 
issue). It can be taken for granted that much of 
this welcome activity was initiated by Sir George 
Allen, who took office as secretary as recently as 
1954. In appointing him, the Association wisely took 
account of the fact that he is a man with a back- 
ground not only of academic achievement or work 
confined within college cloisters or research labora- 
tories. He was formerly vice-chancellor of the 
University of Malaya, and no vice-chancellor can 
afford to ignore the environment of his university or 
the community of peoples which his university serves. 
Sir George looks upon the problems facing the 
British Association in various ways: as individual 
tasks to be tackled efficiently with the assistance of 
the right people (for example, Sir Hugh Beaver and 
his Committee appointed to investigate and report on 
the practicability, implications, consequences both 
international and domestic, and the cost of the change- 
over to the metric system by the United Kingdom), 
and’as problems forming a coherent whole whereby 
in solving them the British Association will become 
one of the greatest means of advancing and inter- 
preting scierce, 

In our opinion, the Council of the British Associa- 
tion has always been too large and therefore too 
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cumbersome ; it does not meet often enough; and 
it has seldom seemed disposed to enlist the help of 
younger and more energetic members. The result 
has been that for too long a time, in spite of occasional, 
though unsustained, efforts to break away from 
tradition, the Association has continued to be, at any 
rate for the layman for whom it really exists, nothing 
but an annual event of one week spent in useful and 
pleasurable activities with the rest of the time spent 
in suspended animation. Now, we are glad to learn, 
the Association has decided to change that also and 
become an active and effective force throughout the 
year. 

A new policy is announced for implementing those 
functions for which the Association was originally 
founded, but—and this is important—taking into 
consideration the rapid changes in conditions and 
attitudes. No longer will the Association be content 
to remain centred in London, going outside it once 
each year; for Area Committees are to be formed. 
Moreover, at the centre, there is to be a Programme 
Advisory Committee which will work in close liaison 
with the Section Committees. This is indeed a welcome 
departure ; for now the Association will have the 
machinery for arranging programmes which itself 
can be periodically modified or rebuilt to meet the 
ever-changing needs and demands of science and the 
community which it serves. It is to be hoped that 
the Area Committees will not be confined to academic 
centres throughout the country, but will also be set 
up wherever density of population or accumulation 
of industry warrants them. Thus will the Association 
extend its influence in time and place and so, as 
never before, take the message of science to all and 
sundry. 

The Area Committees are to work with already 
existing bodies such as youth organizations, women’s 
institutes, educational associations, and so forth. 
We would advise such bodies to welcome any approach 
that an Area Committee may make to them. In this 
connexion, we would strongly recommend the Rotary 
movement to the British Association Area Commit- 
tees. Rotarians meet every week throughout the 
year, and they have many clubs in towns and cities 
everywhere. At most meetings there is a short talk, 
sometimes followed by a discussion. Any scientist 
who is able to lecture well and is in sympathy with 
the objectives of the British Association should be 
pleased to have the opportunity of addressing Rotary 
clubs, for each club is a good cross-section of the 
local community—commercial, professional, social 
and academic. What better audience could the Asso- 
ciation wish for ? A speaker finds himself treated as 
an honoured guest, and is presented with the oppor- 
tunity not only of bringing enlightenment to those 
sincerely wishing to learn but also of preaching to the 
unconverted—and the latter is the most important 
of all audiences. 

The organization of a “Junior B.A. Meeting”’ is 
also an important step in the right direction. At the 
Belfast meeting (1952) of the British Association 
tl ore was a well-attended series of lectures for juvenile 
audiences. This was an excellent idea, well conceived 
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and executed (no doubt by Sir Eric Ashby, vice- 
chancellor of The Queen’s University of Belfast, and 
other local individuals and authorities working in 
collaboration with Association officials). But the 
idea was not followed up as closely as it should have 
been. Now sixth-formers are invited to read papers 
to adult audiences at the meetings—also a good idea. 
Perhaps the proposed Junior Association will combine 
the two movements and thus capture the interest and 
imagination of hundreds of people at the right time 
and the most significant age. Here the Association 
will have excellent chances for work in connexion 
with science in schools. It is to be hoped that it will 
not confine itself to grammar schools, but will also 
approach secondary modern schools and even junior 
schools, for all these have their problems concerning 
the presentation of science. At the upper end, of 
course, there is still much work to be done in con- 
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nexion with sixth-form science as a stepping-stone | 


from school to university and technical college. 
Neither should the Association ignore school science 
as a cultural subject in its own right, that is, not as a 
means to an end, but as an end in itself. 

So far as juvenile and lay audiences are concerned, 
there is an important point which the Association 
has not always taken into consideration in the past— 
that is, choice of lecturer. The man or woman needed 
for this work is not necessarily one who has made a 
name for himself or herself in the laboratory. In 
fact, some such people have been known to drive 
people away rather than attract them. Obviously a 
lecturer must know something about the subject ; 
but he need not necessarily be a specialist. He must, 
however, essentially have presence, poise and person- 
ality which will command attention as soon as he 
mounts the platform. A bad lecturer can easily 
stifle interest in an interesting subject. This point 
of view the Association would ignore at its peril, for 
without the inherent ability to grip the attention of his 
audience (and many scientists lack such ability), a 
lecturer would do more harm than good and send his 
audience away bored or amused or even resentful. 

During its earlier years, when science was not so 
advanced as it is to-day, the Association was able to 
carry on by itself with the help of a few newspapers 
and journals. But now times have changed, and, to 
say the least, the public is curious about science. 
Moreover, to-day the Association has at its disposal 
extra-mural departments of universities, the Workers’ 
Educational Association, schools, local societies, the 
Rotary, Round Table and Soroptimist movements, 
sound broadcasting and television, the cinema and the 
whole of the newspaper Press and many journals. It 
is good to learn that the Association proposes making 
more advances to some or all of these agencies for 
mass communication and education. Conversely it is 
to be hoped that such agencies will welcome the 
advances to be made, for this can bring nothing but 
good to all concerned and consequently to the com- 
munity which they serve. 

As The New Scientist of December 19 states: 
“Unity among scientists is essential—but it is not 
enough. Equally important is the interpretation of 
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science to laymen so that they can intelligently 
insist upon its discoveries being used for the benefit 
of mankind. . . . This can only be done with any 
degree of success in a community which is so educated 
and informed that it is eager to listen to and able to 
comprehend what the scientists are talking about. 
It cannot be done by merely introducing more teach- 
ing about science and its background, aims and 
objectives in our schools and then sitting back. On 
leaving school, our young people go out into a world 
of high-powered promotion, advertisement and 
indoctrination. . . . Recognizing that such heavily 
promoted attractions [such as entertainment, sport, 
high-pressure salesmanship, and even politics] may 
always be with us, science cannot afford to sit on 
the fence. It must enter the lists with its own pro- 
motion and continue plugging it long after school- 
days are past”. The British Association is offered, 
and is now about to take, the wonderful opportunity 
of becoming a unifying influence, a leading example, 
in the promotion of science, through its own activities 
extended through time and area, and in collaboration 
with other authorities and associations. 

The Association is to be congratulated on the greatly 
modified, and in some cases new, steps which it is 
about to take, for much work will be involved in all 
this. The Association has excellent tools for the 
job at its disposal ; moreover, it has the background 
of past achievements and even mistakes made from 
which it can draw inspiration and take warnings. 
Every support from all possible sources should be 
extended to this important movement. Workers, 
organizers and good lecturers are to be found in 
plenty, and no doubt they will willingly come forward. 
But the whole movement (and here we have been able 
to refer to only some aspects of it) will essentially 
incur considerable expense. Yet it will mean money 
being in good hands and well and wisely spent. It is 
clear that the Association should be freed from 
financial anxiety. Obviously such a body cannot 
expect to depend solely on the subscriptions of its 
members, especially if the membership is to embrace 
more younger people. Neither can those who will 
have to do the work shoulder the expenses. But 
industry and the Press (to mention only two ex- 
amples) can, and we hope will, give financial 
support, not only for their own benefit but also for 
the good of the community. A sum of £40,000 has 
already been received : this is good, but by no means 
enough. We would therefore appeal to industry and 
the newspaper Press to support this valuable move- 
ment ; for to them it is a splendid investment which 
will pay handsome dividends. Industry is constantly 
demanding more scientists ; the expansion of interest 
in, and knowledge of, science is the first step towards 
getting them. The Press can now expect bigger and 
better opportunities for finding interesting ‘copy’ 
out of the meetings to be organized by the Association. 

If, and when, therefore, the British Association for 
the Advancement of Science decides to extend its 
appeal for funds (especially capital funds), it is to 
be hoped that such an appeal will meet with a 
generous response. 
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BIOLOGY OF MAMMALS 


Life of Mammals 
By Prof. J. Z. Young. Pp. xv +820 (338 figures). 
(Oxford : Clarendon Press ; London: Oxford Univer- 
sity Press, 1957.) 84s. net. 
" HE Life of Mammals’’ is in a sense a sequel 
to Prof. Young’s “The Life of Vertebrates” 
published seven years ago, and is an equally massive 
work. In conception it is entirely original, drawing 
its subject-matter both from medical anatomy and 
physiology and from vertebrate and experimental 
zoology. It is a systematic text-book full of factual 
information, and will be extremely useful as a work 
of reference ; but it also characteristically presents an 
important central theme running through the whole 
book, which is to reveal the fundamentally mechanical 
nature of living systems, and of their remarkable 
powers of self-regulation or homeostasis. Prof. 
Young outlines this theme in Chapter 1 with 
admirable and stimulating clarity, using the analogies 
of man-made machines and communication devices 
with their servo-mechanisms and attainment of 
regulation by the use of feed-back. He returns to it 
time and again in the subsequent pages. 

In all there are forty-seven chapters arranged in a 
morphological sequence, starting with the integument 
and the mechanical systems of the body, and pro- 
ceoding next in turn to the digestive, circulatory, 
respiratory and excretory systems. These carry the 
reader to Chapter 16. Seven chapters follow on the 
nervous system and five on the various types of recep- 
tors; five more deal with endocrinology, and the 
remaining fourteen chapters are taken up with repro- 
duction and embryology. A bibliography gives a 
small number of selected references for each chapter, 
and finally there is an index of 15 pages (30 columns), 
which incidentally seems barely generous enough for 
so large a book. For the convenience of those to 
whom it will be a standard work of reference an index 
double the size would not have been excessive. 

The one obvious criticism to be made stems from 
the title, which may very well lead the reader to 
expect an entirely different sort of book. The 
emphasis here is on life-processes, illustrated for the 
most part by one or both of two selected types, the 
primate (especially man) and the rabbit; and it 
must be admitted that occasionally an impression is 
given by the author that what applies to this selected 
material applies to the mammals as a whole, when this 
is by no means the case. There is actually very little 
on either the natural history of mammals or on their 
comparative anatomy and physiology, though these 
are the particular subjects which one might expect 
to form the main substance of such a book, judging 
from the title alone. Students who specialize in the 
study of mammals may be excused if they feel a 
momentary disappointment in discovering that, after 
all, they have still to wait for the particular kind of 
text-bock on mammalian zoology in English that 
they so badly need; but they may remember that 
Prof. Young has previously devoted more than two 
hundred to @ comparative review of the 
mammals in “The Life of Vertebrates’’. 

“The Life of Mammals” will commend itself to 
anatomists and physiologists, partly for the great 
amount of information it contains which is either new 
or has never before appeared in a text-book. This 
applies with particular force to the second half of the 
book, dealing with the nervous and endocrine systems 
and with development. But over and above the 
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value of having so much recent material from very 
diverse sources collected together, they will benefit 
from the recurring sections in which the author 
pauses to interpret the facts and explore the general 
principles or ideas which emerge from them; these 
are frequently highly original and stimulating, and 
succeed to an important degree in extending the 
boundaries of the reader’s insight and understanding. 
As might be expected, the text is very readable. The 
book can be commended equally well to students of 
zoology, some of whom may discover in it with 
advantage many of the classical facts of medical 
anatomy and physiology for the first time. 

Great care has been taken with the illustrations, 
a large number of which are new and have been 
specially drawn with considerable skill ; they include 
a very useful series on the anatomy of the rabbit (for 
which a finding index would be a welcome addition). 
The general standard of production is excellent, and 
in relation to the enormous labour of producing such 
a book the number of minor errors is small. It may 
be hoped that the complicated task of revising it at 
intervals to keep pace with advancing knowledge will 
prove to be possible for many years to come. 

V. C. Wynnr-Epwarps 


LANDMARK IN COAL SCIENCE 


Coal Science 

Aspects of Coal Constitution. 
Krevelen and J. Schuyer. Pp. xii+352. (Amster- 
dam: Elsevier Publishing Company; London: 
Cleaver-Hume Press, Ltd.; Princeton, N.J.: D. 
Van Nostrand Company, Inc., 1957.) 55s. 


STUDY of coal in all its varieties involves 

most of the pure sciences. The basic economic 
importance of coals, and especially the baffling com- 
plexity of some of their properties, justify the 
treatment of coal science as a separate branch. 
Coals are porous and amorphous, and appear to 
consist of aperiodic macromolecules ; few standard 
techniques can be applied to their study without 
modification, and the results are frequently ambiguous 
or less informative than those obtained with simpler 
organic compounds. Special methods have been 
developed, many unorthodox and most containing an 
element of empiricism. 

It is not easy to assess the significance of the 
reported results, which vary widely in quality. 
Owing to the rapid current advance in the subject 
and the increase in team effort throughout the world, 
a@ simple exposition of coal science as a whole is a 
compelling need, but its satisfaction is correspondingly 
difficult. The text-book under review, in spite of 
shortcomings to be expected in a pioneer venture, 
must be acclaimed as a considerable achievement in 
this direction. 

Coal petrology and systematics together with 
related physical and colloidal studies—primarily 
observational approaches—are concisely and author- 
itatively treated in Part 1 (“Coal in its Various 
Aspects’’) ; and chemical studies of coal constitution 
—primarily experimental—are fully described in 
Part 2 (“Constitution of the Coal Matrix’’). It is an 
especial merit of this book that a powerful attempt 
is made to integrate these two major branches of 
coal science, hitherto independent developments. 

In Part 2 there is a full description of the novel 
methods of statistical structural analysis—based on 
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the approximate additivity of certain physical 
properties in terms of atomic and structural features 
—which the authors have developed to enable them 
to estimate numerical parameters of the average 
molecule once the qualitative pattern has been 
established by other means. Such methods are 
especially useful when investigating substances that 
are intrinsic mixtures, that is, those the molecules of 
which vary in detail around a norm. 

Part 3 of the book (“Principal Physical and Chem- 
ical Properties’’) is concerned largely with the relation 
of the physical and mechanical properties of coals to 
their chemical structure, with their oxidation, and 
with the phenomena that occur when coals are heated. 
In the chapter on pyrolysis and carbonization, though 
it is of great interest, insufficient attention is paid to 
the detail necessary to enable fundamental studies 
markedly to influence the practice of carbonization. 

In parts of the book there is a lack of balance; 
for example, less prominence might have been given 
to views and investigations now superseded. Fre- 
quently the impression is conveyed that the results 
and methods discussed have been established with 
certainty and are universally accepted; the inex- 
perienced reader might wrongly deduce that little 
remains to be done. There is sometimes a tendency 
to discount important divergences between different 
sets of results. These remarks apply especially to 
parts of Chapters 5-7, 11, 13 and 14. 

“Coal Science” is excellently conceived and pro- 
duced and reasonably priced. Few misprints have 
been noticed ; only the column headings of Table V.4 
are misleading from this cause. Stimulating to read 
and provocative of thought, this book contains a 
wealth of information indispensable to the student 
and research worker. It is to be warmly recommended 
as the most topical and critical text-book available 
on its subject. I. G. C. DrypEn 
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THE PROBLEM OF PERSONALITY 


The Three Faces of Eve 

By Corbett H. Thigpen and Hervey M. Cleckley. 
Pp. 313. (London: Martin Secker and Warburg, 
Ltd., 1957.) 18s. net. 


ERSONALITY has been defined as the integrated 

activity of all the reaction-tendencies of the daily 
life of the individual. Yet we must admit that even 
in normal persons the integration is not always as 
complete as it might be. Most people, for example, 
when deep in thought, have found that they have 
driven a car long distances, but not appreciated they 
have done so until they ‘come to themselves’. Most 
of us show a different personality when having tea 
with the vicar and at a riotous reunion. Mothers 
often say to an erring small daughter, ‘“That’s not 
my little girl’’, and, indeed, in the sense in which it 
is said, it is not, since the child is behaving in a way 
that actors call ‘out of character’. However, in spite 
of such deviations, most personalities are sufficiently 
united to stand considerable strain before dis- 
integrating. Yet there are others of the hysterical 
type which divide easily and the reactions split into 
different groups. This may result in a hysterical 
fugue, or loss of memory, or in more complicated 
conditions, dual or multiple personalities. The 
classical case of the latter was described by Morton 
Prince in his famous “Clinical and Experimental 
Studies in Personality”. This was an account of a 
Miss Beauchamp, whose personality divided into a 
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number of parts, some of which were unaware of the 
consciousness of the others. This may seem difficult 
to those who do not understand that consciousness 
is the appreciation of incoming sensations in the light 
of acquired and inherited reactions. It is apparent 
that a partial group of such reactions can interpret 
sufficiently to acquire consciousness. 

“The Three Faces of Eve” is a popular account, 
told in a journalistic fashion with plenty of wonder- 
ment, of a woman whose unhappy marriage led to 
such a breaking of her personality. This was appar- 
ently the result of childhood stress with regard to 
death: first of a man drowned in a pond; and 
then of seeing her dead grandmother, and being 
forced, against her will, to touch her face. However, 
it seems that an unhappy marriage had much to do 
with the immediate behaviour, since the patient’s 
recovery was consequent to her divorce and re- 
marriage to a man who was more suited to her and 
whom she loved. 

The case-history was read before the American 
Psychiatric Association in 1954 and published in the 
Journal of Abnormal and Social Psychology. It cer- 
tainly shows a number of curious personalities, but 
how far these were unconsciously encouraged by the 
psychiatrists in charge of her, and how far they 
emerged spontaneously, it is difficult to say. The 
morality of expanding technical scientific articles 
about real persons into matter which is little better 
than a novel is questionable. Those who enjoy 
reading sensational psychiatric books will find this 
one amusing, but the serious workers will probably 
wish to go to the original publication. 

CuiFFORD ALLEN 


PHYSICAL OPTICS 


Physical Optics 

By Dr. R. A. Houstoun. Pp. vi+300+16 plates. 
(London and Glasgow: Blackie and Son, Ltd., 1957.) 
40s. net. 


Wave Optics 

Interference and Diffraction. By Dr. C. Curry. 
Pp. viiit+155. (London: Edward Arnold (Pub- 
lishers), Ltd., 1957.) 21s. net. 


R. R. A. HOUSTOUN’S book is intended for 

two types of post-intermediate university 
student—the physics specialist in the early stages of 
the honours course, and the non-specialist whose study 
of optics is subsidiary to that of some other branch of 
science. For the physics student, as it is essentially a 
shortened version of the author’s ‘“Treatise on Light’, 
it should be a useful introduction to advanced 
work; although in some places, notably in the 
chapter on the electromagnetic theory, the attempt 
to simplify by mere abridgement seems to have 
operated the other way. The range of topics should 
give readers of the second type a sound and accurate 
background, but here it must be remembered that the 
biologist and the engineer, for example, expect to 
treat a physics book as a work of reference. It is 
true that the principles are well explained, and that 
many recent developments are mentioned ; but one 
feels that a fuller descriptive treatment of spectro- 
scopy, photometry, colour, and the eye, would have 
been welcomed by such readers. The action of prism 
and grating on a ‘light-pulse’, and the problems of 
Talbot’s bands, which figured prominently in the 
intriguing Chapter 21 of the “Treatise” forty years 
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ago but seem less significant to-day, are mentioned 
rather too briefly for either type of reader to make 
much of them. In short, this is a comprehensive 
and authoritative book which students could profit- 
ably use under tutorial guidance, but which would be 
difficult reading on its own. 

Also intended for the post-intermediate student, 
Dr. Curry’s book is a detailed and critical examination 
of the principles of wave-optics. It is written for 
only one type of reader, whose mental attitude and 
difficulties have been very carefully considered by 
the author. This is the good student who has 
mastered the usual Advanced-level work on inter- 
ference and diffraction (with its deceptive appearance 
of completeness), and is rather appalled when he 
finds in his honours course that the real depth of the 
subject is so much greater than the apparent depth 
as he knew it. This book bridges the gap between 
the two stages, and does so excellently. The diagrams 
are good, and except in the sections on the wave 
theory of aberrations and on the Fresnel integrals, 
the mathematical work is relatively simple, or is so 
well explained that it seems so. University teachers 
often complain that their students arrive with a store 
of factual knowledge, but with the ability to think 
as a physicist quite undeveloped ; and the reviewer 
always replies that the schoolmaster does his best, but 
that this development can only be expected at the 
university. Dr. Curry would surely concur. Needless 
to say, this is a book that should be made available 
to sixth-form boys at school in their last year, so that 
the proper outlook can begin to penetrate; and, as 
the author has assessed the needs of the younger 
university student accurately, and met them uncom- 
promisingly, it should prove very valuable for its 
intended purpose. G. R. NoaKrs 


THE THEORY OF ELECTRICAL 
NETWORKS 


The Theory of Networks in Electrical Communica- 
tion and Other Fields 

By F. E. Rogers. Pp. 560. (London: Macdonald 

and Co. (Publishers), Ltd., 1957.) 65s. net. 


OR some time now university electrical engineering 

departments have been aware of the dangers of 
dichotomy between heavy- and light-current engin- 
eering, the fundamentals of which are essentially the 
same. The author of this book on networks is fully 
aware of the problem, and he has set himself the task 
of treating the subject from a fundamental viewpoint 
applicable to heavy-current as well as light-current 
engineering. Though there is a reference in the 
second chapter to the Heaviside transient solution, 
the book is essentially concerned with the sinusoidal 
approach. The general theory of circulating currents 
and the solution of mesh equations (Chapter 3) is 
followea by a statement and explanation of the four 
important network theorems (Chapter 4) and a dis- 
cussion of ladder, T and x structures in Chapter 5. 
The next section, on equivalent networks, is of con- 
siderable interest to power engineering students, 
who will be disappointed that it is not illustrated by 
examples drawn from complicated power distribution 
networks. The same opportunity is lost in Chapter 8 
on transmission along uniform lines and cables. The 
value of Fosver’s reactance theorem is well illustrated 
under two-terminal networks. The last four chapters 
on four-terminal networks, insertion loss, filters and 
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measurements are mainly of interest to the light- 
current engineer. 

There are a number of American and English books 
on networks, and comparison with these is inevitable. 
Tn this respect the author is not helped by his pub- 
lishers, whose ideas of presentation are old-fashioned. 
The diagrams look amateurish, the lettering often 
being far too big, and many of the diagrams insuffici- 
ently reduced and sometimes not placed in the best 
position. Typical examples of these faults are found 
on pages 36 and 236. The author is not entirely 
blameless for he is not consistent in the captions of 
the figures, and on page 281 this inconsistency accom- 
panied by a footnote causes confusion ; the value of 
heavy type to denote the so-called vector quantities 
of current and voltage is doubtful, adding to the cost 
of production and making a page look untidy. 

So far as the material and the manner of using it is 
concerned, the author has produced a useful contribu- 
tion to the teaching of fundamental network theory, 
and the many worked-out examples taken from 
internal and external examination papers of the 
University of London will commend it to teachers and 
undergraduates alike. To get full value from the 
book the undergraduate needs an understanding of 
Heaviside’s operational calculus, complex quantities, 
determinants and Fourier analysis ; a selected list of 
references at the end of each chapter contains the 
names of books which will help the student in further- 
ing his knowledge of the subject. K. R. SturRLEY 


ADVANCED ORGANIC CHEMISTRY 


Organic Chemistry 

By Dr. I. L. Finar. Vol. 2: Stereochemistry and the 
Chemistry of Natural Products. Pp. xi+733. 
(London and New York: Longmans, Green and Co., 
Ltd., 1956.) 40s. net. 


HIS text-book is written primarily for students 

who are reading for Part II of a special honours 
degree in chemistry. It is divided into two main 
sections ; the first part, 177 pages, is concerned with 
stereochemistry, and the rest, 571 pages, is devoted 
to the chemistry of the more important types of 
natural products. 

The discussion of stereochemistry is not up to the 
high standard of the rest of the book. It begins with 
a chapter devoted to the relationship between physical 
properties and chemical constitution, but some of the 
statements in this chapter are not well based. For 
example, in the section dealing with ultra-violet 
spectra (p. 16), it is stated that ‘“‘By this means the 
main structural features (if not all) may be obtained, 
and thereby lead to a structure being assigned to a 
compound under investigation. Thus having obtained 
a tentative structure, the final proof is obtained by 
synthesis”. This is, of course, quite incorrect and 
is certainly not good advice for chemists during the 
final year of their undergraduate training. 

There are other chapters dealing with optical 
isomerism, Walden inversion, geometrical isomerism, 
the stereochemistry of diphenyl compounds, and the 
stereochemistry of elements other than carbon. The 
definitions given (p. 23) for stereoisomerism, optical 
isomerism and geometrical isomerism are not satis- 
factory ; in fact, absolutely identical descriptions of 
optical and geometrical isomerism are given. The 
section dealing with the resolution of racemates is 
very interesting, but it is unfortunate that a detailed 
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description of current views on the mechanism of 
substitution reactions is hidden in the chapter 
“Walden Inversion’. This book certainly suffers 
from the lack of a chapter on the electronic mechanism 
of organic reactions, and when mechanisms are 
illustrated the symbolism which is used (for example 
p. 158) does not agree with that now generally 
accepted. The author has included terms such as 
centro-asymmetric (p. 40), auto-racemization (p. 47), 
asymmetric decomposition (p. 54), and_ stereo- 
mutation (p. 105) which are not generally used. 

In the first four chapters it is unfortunate that there 
are many cases where the numbers referring to 
diagrams do not match those given in the text. For 
example, on p. 27, Fig. 6 in the text refers to a 
diagram labelled Fig. 2.6. 

The most important recent development in stereo- 
chemistry is conformational analysis and one would 
certainly expect a discussion of this topic in a general 
text-book having a long section dealing with stereo- 
chemistry. The treatment is unfortunately much too 
brief, and the terms axial and equatorial are now 
used rather than the alternatives mentioned (p. 113). 
Presumably this omission is due to the delay which 
occurs between the writing and printing of text-books ; 
this also probably accounts for the incorrect state- 
ment (p. 220) that sucrose has not yet been synthesized 
chemically. 

The second section, which deals with natural 
products, is excellent and is certainly one of the best 
accounts of the subject which has been written at this 
level. It consists of thirteen chapters which are 
devoted to carbohydrates, terpenoids, steroids, 
amino-acids and proteins, alkaloids, anthocyanins, 
purines and nucleic acids, vitamins, antibiotics and 
chemotherapeutic agents, hemoglobin and chloro- 
phyll. Sections dealing with aromatic hydrocarbons, 
certain heterocyclics, and phthalocyanines are also 
included. 

The treatment of the proof of structure of natural 
products by degradation and by synthesis is ex- 
cellent and would certainly excite the interest of the 
reader in this type of work. 

The presentation used in this text-book is very good. 
The formule are well drawn and the index is very 
comprehensive ; the error in the formula of quininic 
acid (p. 558) should be corrected in future editions. 
At its price, this second volume of Finar’s “Organic 
Chemistry” is excellent value. W. D. Ottts 


HUMANITY AND SCIENCE 
What Man May Be 


The Human Side of Science. By George Russell 
Harrison. Pp. iv+262. (London: Cassell and Co., 
Ltd., 1957.) 18s. net. 


T has been estimated that each year sees the 
A discovery of at least one million new scientific 
facts. Very few of us who are scientists have the 
capacity to digest more than a minute fraction of 
this feast, and to see the pattern to which it con- 
tributes. Yet we are vastly better off than the non- 
Scientists, whose main contact with science is ‘‘through 
its slums, the half-world of such things as flying 
saucers and water dowsing”’. It is for the benefit of 
both the professional and the non-professional that 
Prof. G. H. Harrison, dean of the School of Science 
at the Massachusetts Institute of Technology, has 
written this book, ““What Man May Be’’. 
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In at least one respect it is an astonishing book. 
For there seems scarcely any corner of the vast field 
of science about which Prof. Harrison is not able to 
write, simply and interestingly. Beginning with a 
chapter on what is meant by man’s growing control 
of matter, he goes on through a survey of the human 
need for energy to the biology of living things, includ- 
ing man. Then he considers how life could first 
begin and afterwards become increasingly complex ; 
he discusses the ‘sharpening of the senses’ by our 
inventions which can do for us things that we could 
not do by ourselves ; this leads to a discussion of the 
control of information ; and thus to an account of 
what is meant by human personality. The book 
concludes with a chapter on the age-old conflict 
between science and religion, and a glimpse into the 
possibilities for human life in centuries to come, 

It is obviously a breath-taking tour of human 
knowledge, yet the writer bustles us along with an 
exuberant confidence that seems scarcely to have 
heard the word ‘doubt’. Perhaps the confidence is 
a little too assured, as when we are told that carbon 
atoms “have an outer structure consisting of four 
electrons at the points of a pyramid’”’ ; but the num- 
ber of these false statements is remarkably small for a 
book that covers so immense a variety of topics. It 
would indeed be hard to imagine anyone who would 
not continually find himself arrested, as he read this 
book, by some chance remark thrown off to illustrate 
a particular scientific influence. I made a note of 
two or three dozen such myself, varying from the fact 
that since he now needs to do less physical work than 
his father, the average American eats just one-half 
as much starch as in 1900, to the fact that the trouble- 
some head noises which some people hear continually 
in their ears are probably the result of Brownian 
motion, so sensitive is the mechanism of hearing. 

It would be impossible to write a book of this kind 
without raising certain fundamental questions. Prof. 
Harrison is aware of this, and tries, as dispassionately 
as possible, to deal with them. But I wonder whether 
he recognizes quite fully how far his own mode of 
description commits him to a kind of vitalist position. 
We find “Mother Nature’ all over these pages ; 
and such sentences as, ‘‘in the midst of this degenera- 
tion appears the directing force called life’. Even 
genes “gradually learn the advantages of co-opera- 
tion’, and ‘Nature spends eons of time tinkering 
with her devices before she brings them to perfection’’. 
This is a fair enough way of talking if we know why 
we are doing it. But it can be dangerous ; and when 
it leads the author to suggest that ‘“‘there is evidence 
of servo-mechanisms in the soul”, we may feel that 
something is somehow missing in the whole account. 
The chapter on religion makes clear that this missing 
element is a sense of the tragic in all life. ‘Physical 
pain is a form of evil”; it can be cured by more 
knowledge: “science furnishes us with one of the 
best means that men have discovered for discriminat- 
ing between good and evil’. It is so obviously partly 
true, but yet one cannot help feeling that one dimen- 
sion in human experience had got left out in the 
telling. 

This is an excellent book to give to almost anyone 
who wants to understand the way that science has 
changed both the things we do, and the way we 
think. There is not a dull moment in its reading, and 
probably most of those who do read it will catch 
something of the infectious optimism that underlies 
each page. Onward and upward in the best of all 
possible worlds. C. A. CouLson 
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INTERPRETATION OF SCIENCE TO THE PUBLIC 
FUTURE ACTIVITIES OF THE BRITISH ASSOCIATION 


HAT the British Association for the Advance- 

ment of Science is now seeking new ways of 
fulfilling its original functions is in keeping with its 
long tradition and a measure of the influence which 
it has exerted on scientific thought and public 
opinion during its 126 years of life. The announce- 
ment, made at the 119th annual meeting in Dublin 
in September 1957, that its activities would in future 
be continuous throughout the year has, therefore, 
been the subject of much favourable comment. The 
Council of the Association has adopted this policy 
because it is convinced that the more intensive 
development of scientific resource and talent can only 
be ensured by increased public understanding of the 
issues involved. To create this understanding it is 
essential to communicate authoritatively, objectively 
and continuously the significance of scientific dis- 
covery and its impact on society. It is essential, too, 
that such communication should be carried out much 
more intensively in the future than in the past, for 
the rate of scientific advance has accelerated enor- 
mously. Modern science is the greatest force for good 
or ill in the world to-day. Man has released vast 
forces of Nature which he is still struggling to control. 
An understanding of these forces and of the possibility 
of using them to improve the well-being of mankind 
is necessary for every citizen, both young and old, 
who wishes to grasp the essential facts of the con- 
temporary scene. 

The Council of the Association does not wish to 
give the impression that, in any way, it under-rates 
the important work now being done in this field by 
many agencies. The activities of the extra-mural 
departments of the universities, the Royal Institution, 
the Workers’ Educational Association, the schools, 
local societies and many other organizations—to say 
nothing of the Press and the broadcasting and tele- 
vision authorities—are of vital importance. The 
intention of the Association is to help to fill such gaps 
as exist, to co-operate with other organizations 
where such co-operation is desired, and to help in the 
co-ordination, on a national basis, of this urgent task 
of presenting and disseminating facts about science 
to the public at large. 


Summary of Proposals 


(1) The Annual Meeting.—This must continue to 
be the most important single activity of the Associa- 
tion. The objectives of the annual meeting have been 
recently re-stated, and the main functions of the 
Association—namely, discussion, integration and 
dissemination—have been given a fresh emphasis. 

The Council has adopted proposals which should 
make these great meetings even more effective in the 
future. They include the setting up of a Programme 
Advisory Committee charged with the duty of ensur- 
ing that there is in the programme a proper balance 
between specialized items, integrating items and 
popular exposition. The Section Committees are 


co-operating fully in making these proposals effective, 
as was evident from the coherent and well-correlated 
programme o:* the Dublin meeting, at which special 
attention was paid to some of the growing-points of 
science and to topics of broad public interest. The 
marked success of this year’s meeting is proof—if 


proof were needed—of the importance of the Associa- 
tion’s work in this field. A science correspondent, 
writing from Dublin, summed it up thus: “It is one 
of the more useful functions of the British Association 
that it makes visible not only the leaves and branches 
of the scientific tree of knowledge, but also some of its 
roots. And it is abundantly clear that the scientific 
revolution is only beginning”’. It is also the intention 
of the annual meetings to provide more frequently a 
platform on which industrialists and administrators 
can join scientists in discussions on the social and 
political consequences of science, because it is clear 
that modes of thought other than the scientific must 
contribute to the solution of situations arising out of 
scientific discovery. 

(2) Inter-Meeting Activities.—(a) The Association 
proposes to organize throughout the year, in suitable 
centres and particularly in places outside the immedi- 
ate range of the universities and colleges, special 
lectures, exhibitions, discussions and .‘brains trusts’. 
It is hoped, in this way, to reach audiences repre- 
sentative of diverse local groups such as women’s 
societies, scientific societies and trade unions, as 
well as young people. 

(6) The organization of a ‘Junior B.A. Meeting’, 
with special lectures, demonstrations and exhibitions, 
designed to stimulate the imagination of young 
people and to stress the adventure of scientific dis- 
covery. 

(c) The publication of suitable pamphlets and 
special reports. 

(d) The organization of conferences on scientific 
subjects or on subjects arising from the application of 
science, which are of immediate national or public 
importance, whenever it is apparent that authorita- 
tive and objective comment is necessary. 

(e) The appointment of study groups to investigate 
and report upon specific problems. 

(f) Liaison with the Press, Radio and Television 
Services to provide more coverage for science through- 
out the year. 


Organization 


In order to implement these proposals effectively, 
it will be necessary to consult and co-operate fully 
with other organizations concerned directly or in- 
directly with the exposition of scientific achievement 
and adaptation. The Council has therefore decided 
to set up area committees throughout the United 
Kingdom, which will be composed of members of the 
Association drawn from as many fields of science as 
possible and of representatives of other national and 
local organizations. The functions of these com- 
mittees will be to advise and consult with the Council 
of the Association on one hand and local bodies on 
the other, on the desirability and feasibility of arrang- 
ing meetings and other activities to present science 
suitably to various groups in the area ; to undertake 
the arrangements and publicity for such activities 
through local organizations, and to provide local 
speakers for certain activities in the area. The 
Association’s Assembly of Corresponding Societies, 
to which are affiliated some 170 local scientific 
societies, will—it is expected—be able to contribute 
to the successful running of these committees. It is 











RNP METRY DEFT gC 












: 
$ 


TO RE AE TER yam oR RM Nm 




















January 4, 1958 


hoped to appoint several of these area committees 
during the first half of 1958. This proposal has been 
welcomed by several of the large national organiza- 
tions during preliminary informal discussions, and 
it is expected that their branches will co-operate 
fully when the area committees come into being. 

The Association is already in close contact with the 
younger generation through its annual meetings, but 
it believes that there is much more which it can do to 
engage the interest of young people in science and 
scientific careers. 

The successful presentation of science, particularly 
to young people, will depend inter alia on the use of 
good visual material, and the Association seeks the 
co-operation of industrial and other organizations in 
arranging exhibitions and illustrating special lectures. 
Meanwhile, a start is being made by staging, in 
collaboration with the Director of Education and the 
schools in the Glasgow area, a special programme for 
young people at the annual meeting which will be 
held there during August 27-September 3, under the 
presidency of Sir Alexander Fleck. The programme 
will include twelve special lecture demonstrations 
by distinguished scientists, a science exhibition 
organized by the schools in the area, a special exhibi- 
tion arranged by the Association, an open forum with 
a panel of scientists and a selection of scientific 
films. It is proposed to hold a Junior British Associa- 
tion meeting in 1959, independently of the annual 
meeting, organized on the basis of the experience 
gained in planning the Glasgow programme. 

Quite apart from major annual events of this sort, 
it is planned also to organize a series of special 
lectures for young people in the schools. The first 
of these will be given under the auspices of the 
Association in Ipswich in February 1958, when 
Prof. J. Rotblat will speak to two audiences totalling 
more than nine hundred schoolchildren from schools 
in East Suffolk. These lectures are being organized 
with the co-operation of the Chief Education Officer 
and his colleagues in the schools of that area. 

The effect which the Association is able to give to 
its plans in the future will depend in no small measure 
both on securing the co-operation of scientists who 
are prepared to lecture to non-specialist audiences 
and to take part in discussion groups, and on the 
degree to which it is able to secure support for its 
primary conviction that the ability to communicate 
the results and significance of scientific work is of 
major importance in the world to-day. A panel of 
speakers is now being compiled, and the ready 
response is an augury of the success of these activities. 
The possibility of creating a number of special 
lectureships to encourage younger scientists to 
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participate in this kind of exposition is also being 
explored. 

It is only possible to report briefly, at this stage, on 
the many other arrangements that are being made. 
A conference on “Science in Schools”, with particular 
reference to the urgent problems of the supply of 
science teachers and the provision of adequate 
laboratory accommodation and equipment, is now 
being organized and will be held in London during 
the coming Easter holidays. 

A committee under the chairmanship of Sir Hugh 
Beaver has been appointed by the Council to investi- 
gate and report upon the practicability, implications, 
consequences both international and domestic, and 
the cost of a change-over to the metric system by the 
United Kingdom. 

Discussions are now being held with the Atomic 
Scientists Association about the possibility of the 
British Association assuming responsibility for bring- 
ing before the public of Great Britain the facts about 
atomic energy and their implications. 

Preliminary discussions have already been held 
with representatives of the British Broadcasting 
Corporation on science programmes in the radio and 
television services, and these will soon be resumed. 

Development in the past has been hampered by 
lack of funds, and to carry out the present plans a 
substantial addition to the Association’s present 
income will be required. As a result of approaches 
to a small number of leading industrialists in 1957, 
a@ significant addition to income has already been 
obtained. A sum of more than £40,000, mostly on 
seven-year covenants, has been received, giving an 
additional £8,000 income for the present year. It is now 
proposed to extend the appeal, and it is hoped that 
the response will be sufficient to enable the Association 
to implement fully its plans. In the first place, it will 
be necessary to augment the present small staff of 
the central office and to procure immediately adequate 
office accommodation. A start, however, has already 
been made possible as a result of the generosity of 
the above-mentioned firms. 

These are the beginnings. Given more financial 
support, the establishment of area committees, 
co-operation from the many organizations concerned 
with, or affected by, the impact of science on socicty, 
and the co-operation of scientists and the schools, 
there is little doubt that the present plans can be 
effectively carried out. It is believed that, in these 
ways, the British Association will be enabled to make 
@ substantial contribution to bringing about that 
better understanding of the significance of science 
which is so urgently needed to-day—and so add to 
its already historic reputation in this field. 


SCIENTIFIC CENTENARIES OF 1958 
By JOAN M, EYLES 


O pursue the study of both medicine and mathe- 
matics would be very unusual, if not impossible, 
to-day, but this combination of subjects was not 
uncommon in the sixteenth century. Mathematics 
led to astronomy, a subject at that time closely 
linked with astrology, and the supposed advantages of 
& knowledge of astrology in maintaining good health 
were generally recognized. 
Two well-known men who died in 1558 were both 
physicians with considerable aptitude in mathematics. 





Jean Fernel, born in 1497, studied in Paris for 
several years and then found himself equally attracted 
by mathematics and medicine. He qualified to 
practise medicine in 1530, but could a resist the 
lure of astronomy. It is said that he made use of 
his wife’s dowry to pay for the construction of 
instruments which he had designed, and this led to 
a domestic crisis, in which mathematics lost and 
Fernel agreed to devote himself to medicine. Although 
his first published book was a mathematical one, it 
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is by his medical works that he has been remembered. 
He wrote an early account of syphilis, and his books 
on “‘Physiologia” and ‘‘Pathologia” marked the first 
introduction of these terms to medicine. He died of 
a fever in 1558, keeping to the last an accurate 
record of his symptoms. 

Another physician who loved mathematics was the 
Welshman Robert Recorde, born at Tenby about 
1510. His early studies were pursued at Oxford, 
and in 1531 he became a Fellow of All Souls. At 
that time his interests appear to have been confined 
to mathematics, and in 1540 he brought out the 
first arithmetic to be written in the English language, 
the “Grounde of Artes’, of which many editions 
appeared during the next 150 years. Recorde then 
moved to Cambridge to study medicine, graduating 
M.D. in 1545. He practised as a physician, and is 
said to have been physician to Edward VI; but 
unlike Fernel, he did not give up mathematics. He 
published further books in English on geometry, 
astronomy and algebra. In his last work, the 
‘“‘Whetstone of Witte”, he introduced the sign = for 
equality, although it did not become universally 
used until long afterwards. Recorde was one of the 
first English writers to adopt the Copernican system. 
His studies seem to have brought him very little 
worldly profit, for he died while imprisoned for debt 
in the King’s Bench prison, in 1558. His friend John 
Robins, another Fellow of Ail Souls, died a month or 
so later. Although Robins had chosen the Church 
as a profession, and was made a canon of Christ 
Church, and later of Windsor, his bent, too, was 
towards mathematics and astrology, in which, it was 
said, “he became the ablest person of his time, not 
excepting his friend Recorde, whose learning was 
more general”. Robins was buried in St. George’s 
Chapel, Windsor. 

The year of birth of yet another mathematician, 
Edward Wright, seems a little uncertain, but is 
generally taken to have been 1558. Born in Norfolk 
and educated at Caius College, Cambridge, he applied 
his mathematical knowledge to navigation, and his 
ensuing publication, “Certaine Errors in Navigation 
detected and corrected’’ (1599), can be said to have 
revolutionized this science. Wright was for a time 
mathematical tutor to Henry, Prince of Wales, son 
of James I, and also gave lectures in mathematics 
for the East India Company. He died in London 
in 1615. 

When Thomas Brattle, a young American born in 
Boston in 1658, first went to Harvard, he found he 
had to teach himself mathematics ; but this did not 
deter him. He watched the comet of 1680 through 
the Harvard telescope and sent his observations to 
Flamsteed, the Astronomer Royal, and they were 
afterwards used by Newton in his ‘Principia’. 
Brattle also contributed astronomical observations 
to the Philosophical Transactions of the Royal Society. 
He became a wealthy merchant and made many 
gifts to Harvard. 

The interests of Count Luigi Ferdinando Marsigli 
(1658-1730) lay in quite a different field. Born in 
Bologna and by profession a soldier, he spent some 
years in Turkey, and later fought against the Turks, 
but was captured and sold to a pasha. Later he was 
released, but leaving the army he turned to the study 
of natural history, particularly that of the sea, and 
he became a pioneer in oceanography. His classic 
work, entitlxd “Breve Ristretto del Saggio Fisico 
intorno alla Storia del Mare’, was published in 1711. 
In 1712 he presented his collections to Bologna, and 
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they formed the nucleus of the Bologna Institute of 
Science and Arts. 

Before passing on to those who died in 1758, we 
may note that in the present year falls the two 
hundred and fiftieth anniversary of the death of 
Edward Tyson and the birth of Albrecht von Haller 
(1708-77), both well known in their own fields, Haller 
as a physiologist and Tyson as an anatomist. 

Important events in the first half of the eighteenth 
century were the French scientific expeditions to 
determine the length of a degree of longitude near 
the equator and in the north of Sweden. The 
equatorial party, led by De la Condamine, included 
Pierre Bouguer (1698-1758), and the measurements 
made in Peru were published by him in “La Figure 
de la Terre déterminée”’ in 1749. At the same time 
he made the first comparison between the mass of 
the earth and that of a mountain, Chimborazo in the 
Andes, and his name is perpetuated by geophysicists 
in the term ‘Bouguer anomaly’. Bouguer made 
several other contributions to physics, for he invented 
a photometer in 1729, and later a heliometer, and 
measured the intensity of the light of the Sun com- 
pared to that of the Moon. 

One of the party of Frenchmen accompanying 
De la Condamine and Bouguer was the botanist 
Joseph de Jussieu. The name De Jussieu is familiar 
in botanical literature, and an elder brother, Antoine 
(1686-1758), was professor at the Jardin des Plantes 
in Paris. Antoine travelled in Spain and Portugal 
but published little of importance, and his nephew 
Antoine Laurent de Jussieu is better known. 

The year 1758, in which the skies were being eagerly 
watched for the predicted return of Halley’s comet, 
was also that of the birth of the German astronomer 
H. W. M. Olbers (died 1840), who evolved a new and 
accurate method of determining the orbit of a comet. 
In 1781 he took up residence as a physician in Bremen, 
but spent many nights at his telescope. He dis- 
covered the asteroids Pallas and Vesta, and suggested 
that their origin was due to the explosion of a prim- 
ordial planet. In 1815 he observed a comet which 
became known as Olber’s Comet, and which re-ap- 
peared in 1887. 

Although the study of astrology passed out of 
favour with medical men as the knowledge of medicine 
and astronomy increased, there was a period when 
phrenology seemed almost as popular. The old 
plaster casts of heads on which phrenological charts 
are delineated may be the last relics of this period. 
The founder of this now discredited science was Franz 
Joseph Gall (1758-1828), born at Tiefenbronn, Baden. 
Gall was a noted physiologist, and made a special study 
of the brain, publishing his researches in ““Anatomie et 
Physiologie du Systéme Nerveux en Général’’ (1810— 
19). He compared the shape of the brain and skull 
with the development of the faculties in men and 
animals. His lectures on phrenology given in Vienna 
were extremely popular until in 1802 they were 
forbidden as dangerous to religion. From 1807, until 
his death, he resided in Paris. 

To occupy a chair of botany for thirty-six years 
and in this period to give only one lecture (said to be 
“‘unsuccessful”) may well be a record. The botanist 
was Humphrey Sibthorp, and the chair was the 
Sherardian one at Oxford. Humphrey resigned his 
chair to his son John Sibthorp in 1783, and it is the 
anniversary of John’s birth in 1758 which falls this 
year. The younger man, who had studied medicine 
at Edinburgh, was an ardent plant collector. Be- 
tween 1786 and 1795 he travelled in Greeeve, Cyprus 
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and Crete in search of plants, but unfortunately 
caught a cold which led to consumption and he died 
at the age of thirty-seven. He was buried in Bath 
Abbey ; his collections and books were bequeathed 
to the University of Oxford, and his name is per- 
petuated in the Sibthorpian chair of rural economy 
which he endowed. 

Sibthorp was accompanied on one of his botanical 
journeys by Ferdinand Bauer, the elder of two 
brothers, Austrian by birth, who were well-known 
botanical draughtsmen. Both the brothers were 
protégés of Sir Joseph Banks, the arch-patron of 
young naturalists. Franz Bauer (1758-1840) retains 
a place in the history of biology for having in 1823 
made a drawing of blood corpuscles in which the 
‘nucleus’ was indicated, which seems to be the first 
use of the word in this connexion. Ferdinand is 
better known for having accompanied the Scottish 
botanist Robert Brown (1773-1858) on the voyage 
of the Investigator under Captain Flinders, to explore 
the coasts of Australia and Tasmania. Brown and 
Bauer together collected nearly 4,000. species of 
plants, many new to science, and returned to Britain 
in 1805. Brown was appointed librarian to the 
Linnean Society, and later became librarian to Banks 
and curator of his collections. After Banks’s death, 
the botanical collections were deposited in the British 
Museum and Brown was appointed keeper. For his 
many valuable contributions to botany he was 
awarded a Copley Medal in 1839 by the Royal Society, 
of which he had been elected a Fellow in 1811. His 
name will always be associated with the ‘Brownian 
movement’, which he was the first to observe. His 
death took place in London, on June 10, 1858, only 
ten days before that of his close friend Dawson 
Turner (born 1775), a wealthy antiquary and amateur 
botanist, the author of a “Natural History of Fuci’’ 
(1808-19). Turner’s elder daughter Maria married 
Sir William Jackson Hooker, and thereby many of 
his collections are preserved at Kew, though his rich 
library was sold at auction. The genus Dawsonia 
was named by Brown in honour of his friend. 

Two other botanists who died in 1858 were C. G. 
Nees von Esenbeck (born 1776), and Aimé Bonpland 
(born 1773). Nees von Esenbeck was professor of 
botany in Breslau and the author of works on fungi 
and mosses. For his political activities he was 
deprived of his chair and spent his remaining years 
in poverty. Aimé Bonpland, a French naturalist, 
suffered a rather similar misfortune. As a young 
man he travelled in Mexico and the Andes with 
Humboldt. In 1816 he left Paris for South America 
and was appointed professor of natural history at 
Buenos Aires, but in 1821, while journeying up the 
Parana to collect plants, he was arrested by order of 
Francia, dictator of Paraguay, and detained for nine 
years. In spite of these vicissitudes, he lived to be 
eighty-five. 

Passing from botany to chemistry, two chemists 
who died in 1858 must be mentioned here. Robert 
Hare (1781-1858) was professor of chemistry in the 
University of Pennsylvania, and noted for his inven- 
tive genius. When only twenty he demonstrated to 
the Chemical Society of Philadelphia an oxyhydrogen 
blow-pipe, with which he was able to fuse platinum— 
® considerable achievement at that time. Later 
he received the Rumford Medal of the American 
Academy of Arts and Sciences. 

The Swedish chemist Carl Gustav Mosander (1797- 
1858) was affectionately known as ‘Father Moses’ 
by his friends, including Berzelius, to whom he was 
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assistant. He was also curator of the mineral collec- 
tions at the Stockholm Academy of Sciences, and 
carried out long and patient work in the identification 
of rare earths. He showed first that the earth ceria 
contained another oxide which he named lanthana, 
and afterwards discovered that with lanthana there 
occurred yet another oxide which he named didymia. 
Later he investigated yttria and found in it two new 
oxides which he named erbia and terbia, taking these 
names from Ytterby, the small Swedish town where 
these rare earth minerals were first discovered. Many 
years later, Carl Auer, Baron von Welsbach, born in 
the same year that Mosander died, investigated 
didymia and discovered that it contained two 
different elements, which he named neodymium and 
praesodymium respectively. Von Welsbach is per- 
haps known better for the incandescent gas mantle 
which he invented. 

The great German physiologist Johannes Miiller 
(1801-58) is renowned both for his researches and 
for his teaching. He attracted many gifted pupils to 
his classes, including Virchow, Schwann and Bois- 
Reymond. Miiller’s name is particularly associated 
with the principle of specific nerve energies, but he 
also carried out important researches in embryology. 
In later life he studied the ocean fauna, especially 
plankton. 

While modern weather forecasting has done much 
towards predicting the course of hurricanes, and to 
prevent by adequate warning some of their damaging 
effects, little was known about them when William 
Reid (1791-1858), a Scottish military engineer, was 
sent to the West Indies in 1831. The information 
he collected about the paths of hurricanes was 
published in 1838 as “An Attempt to develop the 
Law of Storms by means of Facts’. This work went 
through many editions, and numerous translations 
were made, including one into Chinese. Reid was 
appointed governor of the Bermuda Islands in 1839, 
and did much to improve education and agriculture 
there. Afterwards he was appointed governor of 
Barbados, and in 1851 of Malta; in both islands he 
continued his policy of improvement. He was made 
a vice-president of the Royal Society in 1849, and 
was knighted two years later. 

To be responsible for a major revolution in scientific 
thought can be the lot of few men, but among them 
can be numbered Max Planck, the centenary of 
whose birth on April 23, 1858, is the outstanding one 
of this year. Born at Kiel, when it was still in 
Denmark, Planck died at Géttingen in 1947, after 
passing fifty years of his life at the University of 
Berlin. His death occurred within a few months of 
his ninetieth birthday. His law of radiation, which 
stated that the energy of radiation is emitted and 
absorbed in integral multiples of certain indivisible 
‘quanta’ of energy, received abundant confirmation 
in the first decade of this century, and explained 
many anomalies. He was awarded the Nobel Prize 
for Physics in 1918, and was elected a foreign member 
of the Royal Society in 1926. 

A mathematician whose early brilliance gained 
him an international reputation was A. R. Forsyth, 
born at Glasgow in 1858, who held the Sadleirian 
chair of pure mathematics at Cambridge and later 
the principal chair of mathematics at the Imperial 
College of Science and Technology, London. He was 
elected a Fellow of the Royal Society at the early 
age of twenty-seven. Forsyth wrote exhaustively on 
the subject of differential equations, and developed a 
theory of invariants. He was also active in intro- 
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ducing to British mathematicians the new develop- 
ments in pure mathematics which had been made on 
the Continent towards the end of the nineteenth 
century. Another mathematician whose work might 
be reviewed this year was the Italian, Giuseppe 
Peano (1858-1932), one of the early workers on the 
logistic development of mathematics, who was also 
interested in the possibility of a universal language. 

Passing from mathematics to astronomy, we come 
to the American astronomer W. H. Pickering. Born 
at Boston in 1858, he led several Harvard expeditions 
to observe total solar eclipses. In 1891 he established 
the Harvard observatory at Arequipa, Peru, and in 
1900 he erected a station for Harvard at Mandeville, 
Jamaica. This he afterwards took over as a private 
observatory. Pickering discovered Phoebe, ninth 
satellite of Saturn, in 1899. He did notable work in 
planetary photography and published a lunar atlas 
based on observations made at Mandeville. He did 
not agree with the view that the Moon was without 
life and published a paper on seasonal changes 
occurring in lunar craters. He visited craters in 
Hawaii and the Azores in order to compare them with 
those of the Moon. Pickering died at Mandeville in 
1938. 

Two young graduates who left Britain for Australia 
towards the end of the nineteenth century rose to 
the front rank of Commonwealth scientists. One was 
the geologist Sir T. G. Edgeworth David, born at St. 
Fagans near Cardiff in 1858, who was appointed as 
a geological surveyor in New South Wales in 1882. 
Nine years later he became professor of geology in 
the University of Sydney. He accompanied the 
Shackleton Antarctic Expedition of 1907-9 and led 
the party that reached the south magnetic pole. In 
the First World War he joined the Australian 
Tunnellers, and in 1918 was appointed chief geological 
adviser to the British armies. On his return to 
Sydney he devoted himself to the preparation of a 
“Geology of the Commonwealth of Australia’. He 
died in 1934, before it was published. The Australian 
National Research Council was initiated by the 
joint efforts of Sir Edgeworth David and his fellow 
scientist Sir David Orme Masson. The latter, 
born in London in 1858, graduated in both arts and 
science at Edinburgh, and became lecturer in chemis- 
try at Bristol under Ramsay. In 1886 he was 
appointed professor of chemistry in the University 
of Melbourne. His interests lay in the realm of 
physical chemistry, but administration made increas- 
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ing demands on his time. As president of the 
Australian Association for the Advancement of 
Science he took a leading part in organizing the visit 
of the British Association in 1914. Masson died in 1937. 

The Dutch physiologist Christiaan Eijkmann, who 
was awarded a Nobel Prize jointly with Sir F. Gowland 
Hopkins in 1929, was born at Nyerk on August 11, 
1858. His work on dietary deficiencies began with 
a study of beriberi in Batavia, where he was director 
of the pathological laboratory. By producing food- 
deficiency disease in fowls and then curing it by 
feeding the birds with rice-polishings, he greatly 
stimulated the development of vitamin research. 
Eijkmann died at Utrecht in 1930. 

Sir Jagadis Chandra Bose (1858-1937) was the 
first Indian of modern times to achieve distinction 
through scientific work. Educated at Calcutta and 
Christ’s College, Cambridge, he became professor of 
physics in Presidency College, Calcutta, in 1884, but 
is better known as the founder and director of the 
Bose Research Institute at Calcutta. His work in 
the field of the physics of plant physiology aroused 
considerable controversy. He was elected a Fellow 
of the Royal Society in 1920. 

Among other scientists born in 1858 may be 
mentioned Albrecht Penck, German geologist and 
geographer, noted for his studies of the Ice Age; 
E. M. Crookshank, who founded in King’s College, 
London, the first bacteriological laboratory to be 
established in Britain; and the zoologists F. E. 
Beddard and G. A. Boulenger. 

In the field of applied science, metallurgists can 
celebrate this year the centenary of the birth of 
Sir Robert Hadfield, the discoverer of manganese 
steel ; and the contemporary vogue for diesel engines 
in Britain is a reminder that the first successful diesel 
engine was built in 1897 by Rudolf Diesel (born 1858). 
The following year he sold the patents and exclusive 
manufacturing rights in the United States and 
Canada to Adolphus Busch of St. Louis for a million 
gold marks. Diesel died mysteriously in 1913, 
vanishing overboard from the Harwich mail steamer 
on his way to consult with the British Admiralty. 

Other centenaries of the year include those of the 
founding of several scientific societies, including the 
Geologists’ Association and the British Ornithologists’ 
Union, and the publication of that landmark in the 
theory of evolution, the famous Darwin—Wallace 
essay. The latter will be commemorated at the 
International Zoological Congress in London in July. 





THE TECHNOLOGICAL UNIVERSITY OF EINDHOVEN 
By Pror. H. B. DORGELO 


Rector Magnificus 


N September 19, the Technological University 

of Eindhoven, brought into being as a result of 
an Act of Parliament of June 6, 1956, concerning 
higher technical education in the Netherlands, 
was officially opened by H.M. Queen Juliana, in the 
presence of H.R.H. Prince Bernhard, the Prime 
Minister, Dr. W. Drees, the Minister of Education, 
Mr. J. M. L. Th. Cals, other Ministers, the Board of 
the University, under the chairmanship of Prof. 
J. E. de Quay, Governor of the Province of Noord- 


Brabant, the Rectores-Magnifici of all the univer- 
sities in the Netherlands, and many other distin- 
guished guests. 

Preparatory committees under the chairmanship 
of Prof. G. Holst, who has been a pioneer of applied 
scientific research in the Netherlands, stressed the 
need for more qualified engineers, thoroughly 
grounded in scientific technique, in connexion with 
the industrialization of the country which is in 
progress. The Government therefore decided to 
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Fig. 1. Model of the provisional buildings 


build a new technological university in the southern 
part of the country, in the hope of making available 
a new source of technical students. The Act, which 
made the founding of the new technological university 
possible, was then prepared by a. committee under 
the chairmanship of Mr. H. L. s’Jacob, Counsellor 
of the Minister of Education. 


Copyright 


Model of the permanent buildings 


Eindhoven, a dynamically developing town, was 
chosen as the place for the new technological 
university. The town council generously presented 
a well-situated site of about 100 acres for the 
university. 

One very important question was thoroughly 
discussed, namely, whether the new institute should 
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prepare engineers of the same scientific standard as 
those trained by the Technical University of Delft, 
or whether the new institute should be something 
between the existing secondary technical institutes 
in the Netherlands and that at Delft. Fortunately, the 
decision was taken that the standard of the Eindhoven 
Technological University should be the same as that 
of the Technical University of Delft, but with a 
different approach to the same goal. A new tech- 
nological university gives an opportunity, free from 
traditional bonds, for seeking and finding new ways 
in scientific, technical and humanistic training, to 
suit the demands of the technical and ideological 
age in which the future engineers will have to live 
and work. 

The Technological University of Eindhoven is in 
the first instance set up with the aim of training three 
categories of engineers, namely, mechanical, electro- 
technical and chemical engineers. - It has for that 
purpose four departments: (a) Department of 
General Sciences (mathematics, physics, philosophy, 
sociology, economics, etc.). Chairman: Prof. C. 
Zwikker. (b) Department of Mechanical Engineering. 
Chairman: Prof. W. L. H. Schmid. (c) Department 
of Electrotechnical Engineering. Chairman: Prof. 
J. L. H. Jonker. (d) Department of Chemical 
Technology. Chairman: Prof. W. van Loon. At 
the moment the Netherlands urgently need more 
people with scientific technical training in these 
branches, therefore the University has started by 
meeting these requirements. 

The secretary of the University is Dr. A. H. M. 
Wiljffels ; and the secretary of the Senate is Prof. K. 
Posthumus. 

In developing the programme of study for 
these three categories of engineers mentioned above, 
the guiding principles have been: (1) to divide the 


theoretical and practical courses for the students over 


Fig. 3. A part of the building of which the model is shown in Fig. 1 
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eight half-years (semesters); (2) to arrange the 
examinations to take place as follows: (a) an exam- 
ination at the end of the second semester (the pro- 
pedeutical examination), as a test for suitability for 
the studies at a technological university ; (b) one 
after the fifth semester (the candidate examination), 
as a test of achievements, specially concerning the 
fundamental courses; (c) one after the eighth 
semester (the first part of the final examination), as a 
test of the achievements in technical science ; (3) to 
ensure that the student should prove his ability to 
solve @ given scientific technical problem on his own, 
and to make a detailed report of it before obtaining 
his final degree. It is intended that this work should 
be done in one or two semesters. 

The planning of the buildings for the University 
was based on the expectation that in the near future 
the number of students would be about one 
thousand ; should it increase to two thousand, which 
is likely, extension is easily arranged, because the 
planning of the main buildings has been arranged 
with that possibility in view. 

In order to start with lectures and practical courses 
for the students by September 1957, a bungalow- 
type of building of about 9,250 m.* floor-area was 
erected (Fig. 1), provisionally giving accommodation 
for the theoretical and practicalt raining of students in 
the first and second years. The number of the students 
who applied for the first-year courses was 236. 

The planning for the permanent buildings of the 
University is in progress, encouraged by Ir. Th. P. 
Tromp, member of the Governing Board, and co- 
ordinated by Prof. P. van der Leeden. Fig. 2 is a 
photograph of the model of the group of buildings 
planned by the architect, S. J. van Embden. It will 
include: (a) the main block for the Departments of 
General Sciences, Electrotechnical Engineering and a 
part of Mechanical Engineering, with the Library in 
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the centre of the ground floor (Fig. 2, 1), (b) a block for 
the Department of Chemical Technology (Fig. 2, 5), 
(c) a building with the main hall, reception and lecture 
rooms (Fig. 2, 3), (d) a large one-story building to 
house the heavy equipment of the Department of 
Mechanical Engineering and the central workshop for 
the whole University (Fig. 2, 2), (e) a laboratory for 
chemical technology (a similar building is planned for 
physical technology) (Fig. 2, 4), (f) a building for the 
larger equipment for electrotechnics (Fig. 2, 6), (g) a 
boiler-house for the central heating of the whole 
University (Fig. 2, 7). 

The citizens of Eindhoven have helped and supported 
the new University in many ways. On the initiative 
of the Burgomaster of Eindhoven, a committee of 
leading citizens was formed to help the students in 
getting accommodation, to build hostels for them, to 
provide a club-house for the general student society 
(union building), to promote the possibilities for sport 
and to found a medical centre. This committee laid 
the basis for the Eindhoven Technological University 
Students Welfare Foundation, which is very active 
in providing the initial necessities for students, and 
is also stimulating the initiative of the ‘freshmen’ to 
build up a new sound student communal life. 
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The interest of industry in the new University was 
manifested by founding the Eindhoven University 
Fund to form a link between the industry in the 
Netherlands and the new University, this being 
regarded as of great importance to both. The main 
purpose of the Fund is to support the scientific work 
in the Technological University and to promote the 
contact of the scientific staff of the University with 
the technical scientific world in the Netherlands and 
abroad. 

The friendly relationship between the Technical 
University of Delft and its newborn sister found 
expression in a helpful sharing of ideas during the 
preparative period and in the token gift of a silver 
chain of office for the Rector Magnificus of the 
new University. 

The Technological University of Eindhoven has be- 
gun its task for the future, a very important task with 
great responsibilities. As H.M. Queen Juliana said 
in her opening address: ‘Technology is the modern 
mill-stone for our daily bread. It is a gift of God. 
We have to accept this gift with respect and gratitude, 
we will not over-estimate it in proud presumption 
nor abuse it by using it where it will not serve a 
positive purpose’’. 


FLAMES AND INDUSTRY 


‘HE useful application of science to engineering 

has nowhere proved more difficult than in the 
sphere of combustion. In recent years, however, 
some progress has been made through the work of 
the International Flame Research Foundation. The 
main activity of the Foundation has been to establish 
two experimental furnaces at the Royal Dutch 
Steelworks at Ijmuiden. These are fully instrumented 
for fundamental studies and are comparable in size 
with the smaller furnaces used industrially. One 
furnace consumes gas or oil and the other pulverized 
fuel. 

The principal object of the work is to provide 
accurate and usable design formule for the types of 
flame employed in industrial furnaces. It is hoped 
that in the course of such developments some pos- 
sibilities of improving current practice may be 
revealed. The investigations are, however, necessarily 
concerned with the properties of the flames them- 
selves. The principles governing the transfer of heat 
from the flame to the work are intimately bound up 
with the nature of the latter, and advances in this 
respect must be the responsibility of the industries 
concerned. 

The essence of the work of the Foundation lies, 
however, in its applicability to the needs of industry. 
For this reason a symposium was held recently in 
London, at which papers describing the Ijmuiden 
investigations were laid beside others from industry 
dealing with consequential developments. The 
symposium, which was sponsored by the Institute of 
Fuel, took place on October 9, at the Institution of 
Vivil Engineers. The presentation of the Ijmuiden 
papers was presided over by Prof. O. A. Saunders ; 
and Dr. D. T. A. Townend was in the chair for the 
industrial session. 

The experimental methods used at Ijmuiden and 
the progress made in the understanding of flames were 





reviewed by Prof. M. W. Thring, assisted by Mr. E. H. 
Hubbard and Mr. A. E. Pengelly. The work has 
been almost entirely devoted to turbulent jet diffusion 
flames, in which a high-velocity jet of fuel, carried 
by compressed air or steam, entrains air for combus- 
tion through its own energy. 

The furnaces are both in the form of a tunnel some 
2 metres square in section and 6 metres long, with 
the flame directed along the axis. They have been 
made large compared with the flames to avoid 
impingement and to minimize other forms of inter- 
ference by the furnace walls. As a result of this, 
recirculation of the combustion products is a promin- 
ent feature of the flow pattern. The furnaces are 
provided with vertical slots down each side for flame 
radiation measurements, and there are generous 
provisions for the insertion of probes for sampling, 
temperature measurement and other purposes. For 
the essential routine operations of measuring waste 
gas composition and temperature, paramagnetic 
oxygen analysers and suction pyrometers respectively 
are preferred. To estimate air leakage into the 
combustion chamber the fuel and air input must 
also be known. Combustion air, gaseous and liquid 
fuels are measured by orifice meters and pulverized 
fuel by a constant-feed weighing belt. Air leakage is 
controlled through furnace pressure by means of 
conventional dampers, with the aid of draught gauges 
and a pressure recorder attached to the centre of the 
furnace roof. 

Fuel-air mixing in a turbulent jet diffusion flame 
is primarily influenced by fuel jot momentum. This 
is conveniently measured as the reaction thrust on 
the burner, by means of a counterbalanced suspension 
system. Radiation from the flame is observed with 
a total-radiation pyrometer. Radiation and con- 
vection are differentiated with the aid of two heat 
flow meters, differing either in surface temperature 
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or in surface emissivity. Gas velocities are measured 
with a Pitot tube and the information obtained used 
to carry out isokinetic sampling at a particular point 
for flame gases and unburnt solid particles. Gases 
are analysed in an Orsat type apparatus with Lom- 
chakov absorption vessels. The solid sample is 
analysed for moisture, volatile matter and ash by 
micro-methods or by a modified Fenton train for 
ultimate analysis. Element balances permit calcula- 
tion of the proportion of fuel burnt at any stage in 
the flame and its comparison with the degree of 
mixing on one hand, and with the proportionate 
heat release on the other. 

For gas and oil flames it is found that until about 
90 per cent of the total requirement of combustion 
air has been consumed, relative mixing, reaction and 
heat release are closely similar. The processes of 
combustion and heat release can therefore be studied 
up to this point simply by examining the aero- 
dynamics of the system. This enables aerodynamic 
similarity criteria to be applied to the scaling-down 
of industrial gas and oil-fired furnaces for experi- 
mental model studies. The similarity condition is 
that the burner nozzle must be replaced by an 
equivalent nozzle which gives the same mass flow 
and momentum, but with the stream density changed 
to that of the flame gases. At its far end, where the 
flame is influenced by the re-circulation and re-entrain- 
ment of the combustion products, simple similarity 
relations with cold models do not apply. This is 
also the case throughout a pulverized fuel flame, for 
although the combustion of the volatiles may be a 
rapid process, that of the solid residue is not so. In 
these circumstances, the physical process of air-fuel 
mixing is no longer rate-controlling. 

The non-luminous radiation and emissivity of the 
combustion products can be evaluated from a 
knowledge of the temperature and concentrations of 
water vapour and carbon dioxide by established 
methods due to Schmidt and Hottel. Luminous 
radiation depends mainly upon the particles present 
in the flame. Emissivity has been successfully 
related to soot concentration and can be scaled. The 
soot appears at an early stage in the flame and there- 
after decreases, but the laws and mechanism of its 
formation are not sufficiently understood. The con- 
centration of soot and hence the luminous emissivity 
is, however, a function of the fraction of the flame 
length considered, the rate of axial mixing and the 
carbon-hydrogen ratio of the fuel used. 

In the early part of the flame, the edges of the jet 
form a sheath of high-temperature products while 
the axis of the flame contains excess fuel at relatively 
low temperature. Around the hot sheath excess air 
and recirculated products bring about a considerable 
reduction in temperature. At a stage where 80- 
100 per cent of stoichiometric air has reached the 
centre of the jet, the axial temperature reaches a 
peak of the order of 1,500-1,700° C. The peak is 
raised by an increase in fuel input or jet momentum, 
and by pre-heating. Because a gas flame loses 
heat less rapidly by radiation than does an oil 
flame, its temperature is some 100° C. higher 
throughout. 

The Ijmuiden experiments cannot give direct 
information on the transfer of heat from the flame 
to the work since conditions in this phase of operations 
vary so widely. It is here that particular study by 
each industy' becomes necessary. The Ijmuiden 
investigations have, however, shown how to control 
flame length, emissivity and coverage. Where there 
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is direct impingement of the flame on the work, 
heat transfer by convection can be calculated as 
for a hot gas in contact with a surface. With 
a cold receiving surface, convection may be respons- 
ible for as much as 35 per cent of the total heat 
transfer. 

The relevance of the work of the Foundation to 
conditions in steel furnaces was discussed by Dr. J. H. 
Chesters and Mr. R. Mayorcas. In the steel-making 
industry the Ijmuiden experiments have already 
stimulated a number of investigations and develop- 
ments from which production has profited. Cold 
model experiments have revealed flow and wear 
patterns. The improved understanding of the mech- 
anism of oil atomization and jet momentum which 
has resulted from the Ijmuiden work has been 
employed with great effect on production furnaces. 
Advantage has also been taken of the function of 
carbon in increasing flame emissivity, and the output 
rate of a full-scale furnace has recently been sub- 
stantially increased by the application of the results 
of calculations based upon the Ijmuiden and other 
similar experiments. 

The glass industry uses producer gas and liquid- 
fuel flames of the turbulent jet diffusion type, and 
has followed the lead of the steel industry in the use 
of model experiments, some results of which were 
described by Mr. 8. Krusjewski. The luminosity and 
solid particle radiation of producer gas flames require 
further study, but the findings of the Foundation and 
the steel industry on oil flames are applicable to 
similar flames in glass tanks. Special problems are 
to obtain good flame coverage without too much loss 
of access to the walls of the tank, and to limit recir- 
culation so far as possible without exposing the 
furnace crown unduly to the flame gases. The theory 
of heat transfer from an oil flame in a glass furnace 
has been developed by Thring and the problem of 
heat transfer through the glass itself is to some 
extent understood in exact terms, but the part 
played by convection is at the moment appreciated 
only qualitatively. 

The application to boilers was discussed by Dr. 
W. B. Carlson. The work at Ijmuiden on pulverized 
fuel flames, which is of particular interest to the 
boiler industry, has not yet progressed far. Some 
special factors have to be taken into consideration. 
Sufficient radiation must be available from flame 
and furnace to maintain stable ignition. The com- 
bustion region must be large enough and of adequate 
temperature to complete the combustion of the 
relatively slow-burning particles. This leads to very 
large combustion chambers, for which an unusually 
extensive scaling-up of model experiments is neces- 
sary. The great height of the boiler results in a large 
chimney effect within the furnace itself. The size of 
the flame causes it to become somewhat opaque to 
its own radiation and this results in a hot flame core 
from which the heat cannot readily be released. The 
need to avoid excessive ash deposition within the 
furnace dictates aerodynamic design to a large extent, 
and in general precludes compactness. The necessary 
provisions for ultimate ash retention, either by 
slagging or collection, still further enlarge the plant. 
The Ijmuiden pulverized fuel furnace has unfor- 
tunately no provision for experiments involving 
slagging of the ash. The cement industry, represented 
at the Symposium by Mr. E. Burke and Mr. G. Field, 
also uses pulverized fuel extensively. Heat transfer 
to the work would most readily be improved by 
increase of radiant intensity through control of 
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flame length, temperature and emissivity. The 
proper distribution of heat transfer throughout the 
kiln also requires attention. 

The problem in gas turbine combustion chambers, 
as pointed out by Prof. Saunders, is the reverse of 
that in industrial furnaces—that is to say, to limit 
the transfer of heat from the flame to the surfaces in 
order to avoid overheating. The small amount of 
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information at present available suggests that whereas 
the flames of the lighter fuels used are almost non- | 
luminous, those of the heavier fuels emit considerable 
luminous radiation. However, the high-rate heat 
release type of chamber as used in aero-engine design 
probably minimizes radiation transfer from the flame 
and for this reason may find favour for industrial use. 
J. H. BurGoyne 


OBITUARIES 


Prof. Léon W. Collet 


Pror. Lion W. Cotiet died peacefully in his 
seventy-eighth year at Geneva on October 13. His 
health had been failing sadly of recent years. “Born 
with a rucksack on my back”, he used to say; and 
he attributed much of his latter-day troubles to 
previous strenuous exertion. 

In his passing, British and American geologists see 
the end of a career largely devoted to their service ; 
for Collet will long be remembered as an apostle, 
spreading the nappe theory of the Alps throughout 
the English-speaking world. Most of the amazing 
discoveries made since 1893 in regard to the structure 
of the Alps have been published in French or German. 
Moreover, as a problem in field-geology, the subject 
has been bewilderingly confused for outsiders by 
essential local detail, both geographical and strati- 
graphical. The findings, too, have been of such an 
unbelievable nature that to risk an opinion upon 
their veracity without special introduction and 
guidance might well seem foolhardy. It was this 
introduction and guidance that Collet delighted to 
furnish, by leading excursions, from 1909 onwards, 
by publishing his “Structure of the Alps” (1927, 
1935) and by delivering lectures, especially those at 
Harvard (1928-29). 

Collet’s Swiss colleagues may perhaps protest that 
there are more fundamental reasons for gratitude. 
There are, for example, many original contributions 
towards the unravelling of the Alpine story, chief 
among which stands Collet’s description, with 
Paréjas, of the Jungfrau (1931). Here, indeed, we 
find work of first-rate geological ability, coupled of 
necessity with adventurous climbing. There are also 
his many valuable essays on physical geology and 
geography, among which must be reckoned his books, 
“Les Depéts Marins” (1908) and ‘“‘Les Lacs” (1925). 

It so happens that these two books bring us back 
to the British connexion. In 1904, immediately after 
taking his D.Sc. at Geneva, Collet joined the tem- 
porary, in part international, staff of the Murray— 
Pullar Survey of the freshwater lochs of Scotland— 
the Murray concerned was Sir John Murray, of 
Challenger fame. This often brought Collet to Edin- 
burgh, where in two formative years he responded 
whole-heartedly to the spell cast by Peach and Horne ; 
and their influence remained with him to the end of 
his days. 

Collet at Geneva had been brought up in a die- 
hard school of Alpine interpretation, still struggling 
against the new ideas announced by Schardt in 1893 ; 
and it is remembered in Edinburgh how, during his 
sojourn there, he maintained in a lecture that it was 
Possible that his teachers might yet prove correct. 
Soon after his return, however, to Geneva in 1906 





as Privatdocent he saw with delight that the new 
interpretations were irresistible, and he at once 
joined the happy throng developing the profitable 
field thrown open to all-comers. 

The rest must be put very briefly. During 1912-18 
Collet was director of the newly established Federal 
Hydrographical Survey of Switzerland. i 
1918-44 he occupied with great distinction the chair 
of geology and paleontology at his alma mater. He 
received many honours, but probably none was more 
highly valued than the foreign membership of the 
Royal Society of Edinburgh and the LL.D. bestowed 
on him by the University of Glasgow. 

E. B. Barey 


Colonel E. E. B. Mackintosh 


CoLonEL E. E. B. Macxrntossu, a former director 
of the Science Museum, South Kensington, died on 
November 25. He was the last of a line of dis- 
tinguished Royal Engineer officers who directed the 
fortunes of the scientific collections at South Ken- 
sington from 1858 until 1945. He and his pre- 
decessors, Donnelly, Festing, Abney, Ogilvie and 
Lyons, brought the Museum to its present fame, as 
one of the most visited museums in the world. 

Mackintosh’s contribution to this development was 
to encourage the organization of special temporary 
exhibitions, lasting for a few months each, on such 
subjects as “Noise Abatement’, “Very Low Tem- 
peratures” and “Science in the Army”. These, with 
their formal opening ceremonies by some public 
figure, at which Mackintosh was in his element, gave 
wide publicity to the Museum; and his friendly 
bonhomie gained much goodwill for the Museum 
among those who were in a position to support its 
activities. 

Ernest Elliott Buckland Mackintosh was born in 
1880 and was educated at Eton and the R.M.A., 
Woolwich, from which, in 1899, he was commissioned 
in the Royal Engineers. He served in the Sudan 
and Egypt before taking part in the First World 
War in France, for which he was awarded the 
D.8.0. and appointed to the Legion of Honour. 
After a period, first in Hong Kong and then as 
chief engineer, Eastern Command, he was appointed 
director of the Science Museum in 1933. Almost 
immediately he became concerned with plans for the 
proposed new centre block of the Museum, which 
was to include a planetarium ; but all his plans were 
frustrated by the Second World War and its pre- 
imi crises. From 1939 onwards, except for a 
short period in 1939 and 1940 when he was com- 
mandant of the School of Military Engineering at 
Chatham, his energies and organizing ability were 
directed towards the evacuation and preservation of 
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the Museum’s collections. The War had only recently 
ended when, in 1945, he retired on reaching the age 
limit. 

His own collecting instinct manifested itself by an 
interest in glass, of which he formed a small private 
collection. In the latter part of 1937 he was instru- 
mental with others, including W. A. Thorpe, of the 
Victoria and Albert Museum, and John M. Bacon, in 
founding the Circle of Glass Collectors, of which he 
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became, in 1947, one of the five honorary vice- 
presidents. 

During his time at the Science Museum he was 
also a governor of the Imperial College of Science 
and Technology and one of the trustees of the 
Imperial War Museum. 

He is survived by his widow and one daughter. 
His only son was killed in action in 1944. 

H. R. CALvERtT 


NEWS and VIEWS 


Psychology at University College, London : 
Prof. R. W. Russell 


Ir is now a little more than a year since Prof. 
Roger Russell resigned from the professorship of 
psychology at University College to take up an 
administrative appointment with the American Psy- 
chological Association. His decision has occasioned 
the most lively regret among his many friends and 
colleagues in Great Britain. In his six years at 
University College, Prof. Russell transformed his 
Department into a most active centre of research in 
experimental and comparative psychology. He will 
be remembered especially for his work on behaviour 
disorders in animals and for his more recent studies 
of the effects of greatly reduced body temperature 
upon learning and memory in the rat. Prof. Russell 
also gave devoted service to a variety of bodies con- 
cerned with the organization and applications of 
psychology. In spite of his return to the United 
States, Prof. Russell hopes to retain his many con- 
tacts—personal and scientific—with his psychological 
colleagues in Britain. 


Prof. G. C. Drew 


GrorGE Drew, who has been appointed to the 
chair of psychology in University College, went to 
the Cambridge Psychological Laboratory from the 
University of Bristol in 1935 as the holder of the 
Viscount Haldane of Cloan Studentship. He worked 
there with Sir Frederic Bartlett, finding his main 
interest in the study of animal behaviour. The 
award of a Rockefeller Fellowship took him to 
Harvard, where he worked for two years urider 
Prof. K. 8. Lashley. On his return to Cambridge, it 
was intended that Drew should further develop his 
animal studies. Unfortunately, the War intervened 
and he found himself increasingly drawn into the 
programme of work on human skill and fatigue 
which became the main war-time preoccupation of 
the Department. His work with the late Dr. Kenneth 
Craik on the ‘Cambridge Cockpit’ is deservedly 
well known. In 1942 Drew was appointed psycho- 
logical adviser to the Air Ministry, a post which he 
successiully held for the remainder of the War. 
After the War, Drew returned to Bristol as lecturer 
in psychology. His promotion was rapid; by 1951 
he had been appointed professor of psychology with 
a small independent department. The latter was 
broadly conceived, embodying genetic and clinical 
no less than experimental interests. It has also 
developed as a promising centre of experimental 
research, some of it undertaken in conjunction with 
the Road Research Laboratory. Drew has also 
served as a consultant to the Medical Research 
Council Applied Psychology Research Unit at Cam- 





bridge. To a subject not always noted for its sanity, 
Prof. Drew brings a resourceful and level-headed 
approach. By virtue of his background and interests, 
he would appear particularly well fitted to develop 
the experimental trend in psychology at University 
College so courageously initiated by Prof. Russell. 


Discovery 

Tue January issue of Discovery is the first in the 
new format. This journal has always been well 
produced, yet the larger size is a distinct improvement. 
It allows for the use of bigger type and better spacing. 
The illustrations are also bigger and the half-tones 
are consequently most impressive. There is a new 
lay-out for the page of contents, though this does 
not seem to show much improvement on the old one. 
Any scientific journal which has to attract non- 
scientists must be in itself attractive. Discovery is 
now produced in such a way that many potential 
readers will be attracted by its illustrations, typo- 
graphy and lay-out. The first issue in the new form 
contains five articles, all of which are well written 
and interpret science for the non-specialist in a very 
desirable way. They are: “Diamond: Fiction, 
Fancy and Fact”, by Prof. 8. Tolansky; “The 
Fascination of Numbers’, by W. J. Reichmann ; 
“British Science and Technology for the Brussels 
Exhibition, 1958”’, by J. Gardner and Caroline Heller ; 

“A Swiss Guided Missile’, by E. Stehli; ‘The 
International Geophysical Year : Month by Month”, 
by Angela Croome. 

The journal opens up with long notes entitled 
“The Progress of Science’, which deal with recent 
advances and expression of opinion. They include 
a well-illustrated account of Marcoule—centre of 
French atomic power; electronic music; oil under 
the Sahara (illustrated); Oskar Minkowski (who 
established the cause of diabetes), and an account of 
the Symposium on Biological Productivity in Britain 
which was held under the auspices of the Institute of 
Biology. The first note under “The Progress of 
Science” takes the form of a leading article pleading 
for the need for a strategy of science. This issue also 
contains a number of useful and authoritative book 
reviews together with science news. One very useful 
feature which is being continued is ‘‘Science on the 
Screen’. 

The Editor and publishers of Discovery are to be 
congratulated on the attractive changes which have 
been initiated in a very useful journal. 


Numbers of Medical Students and Practitioners 


Tue Willink Committee, which was appointed in 
February 1955, has now reported to Ministers on 
“the number of medical practitioners likely to be 




















é 
& 
} 
3 
; 
is 
ee 
& 
ie 
bs 


igs ADT EPRI NT 





E 
& 
E 















: 
[ 
Ee 
F 
& 
: 


DNR EINER 


Sa ee 


BL ni aa aS Bibs sats 


BO ONT 


t 







January 4, 1958 


engaged in all branches of the profession in the future, 
and the consequential intake of medical students 
required” (H.M.S.O., 2s. 6d. net). Excluding students 
from overseas, the present annual output of qualified 
men from the medical schools of the United Kingdom 
is 1,855.. Allowing for losses due to natural causes, 
the Committee’s view is that from 1962 until about 
1975 a smaller number will suffice to meet all estim- 
ated needs, and that in consequence the intake of 
medical students should be reduced by about 10 per 
cent as soon as practicable. On the other hand, the 
Committee also believes that by about 1975 more 
doctors are likely to be needed, and that consequently 
the student intake should be raised from about 1970. 
This forecast is necessarily speculative, and the 
prudent suggestion is made that another review 
should be made in about ten years time. 

In the meantime, it would seem inevitable that the 
result of these recommendations will be to generate 
no small measure of despondency and alarm among 
the scientists in our medical schools. There are 1,200 
or so ‘‘whole-time university medical teaching and 
research staff’, and the Willink Committee seems to 
have accepted a quite arbitrary opinion of the 
Committee of Vice-Chancellors and Principals that 
these figures should not increase by more than 1 per 
cent a year. One can only hope that the University 
Grants Committee will pay little attention to a piece 
of advice the effect of which can only be to help 
stifle a body of research workers who number among 
themselves some fifty Fellows of the Royal Society 
and two recent Nobel Prize winners. 
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Department of Scientific and Industrial Research 
In reply to a question in the House of Commons 
on December 17 regarding progress with the five- 
year plan of the Departinent of Scientific and 
Industrial Research, Mr. H. Nicholls, Parliamentary 
Secretary to the Ministry of Works, representing the 
Lord President of the Council, said that the first 
three and a half years of the plan had been completed 
and the activities of the Department are developing 
broadly along the lines planned. At the end of 
1957-58 it is estimated that the staff will have 
increased by 750 out of the 800 planned, although 
the Department has not been able to recruit all the 
specialist staff needed. The provision of new buildings 
has also fallen behind, largely owing to restriction on 
capital expenditure, and by the end of 1957-58 only 
half the planned building programme will have been 
completed. Plans for the period 1959-64 are at 
present in preparation and are being considered by 
the Council for Scientific and Industrial Research. 
In reply to a further question, Mr. Nicholls said 
that there are close direct contacts between the nine 
research associations serving the textile industries. 
len years ago the Department established a Standing 
Consultative Conference on Textile Research to avoid 
undesirable duplication and to promote collaboration 
among the research associations, or equivalent 
organizations engaged in textile research, whether in 
receipt of a grant-in-aid from the Department or not. 
He thought there was no doubt that the Conference, 
which meets every year, its effective committee 
meeting quarterly, has justified its existence. 
Questioned about the Department’s postgraduate 
training grants, Mr. Nicholls said that the Council has 
Set up a Postgraduate Training Grants Committee 
under the chairmanship of Sir Eric Ashby consisting 
of three members appointed after consultation with 
the Committee of Vice-Chancellors and Principals of 
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Universities ; one member representing the technical 
colleges ; and professors of high standing in the main 
broad fields of science and technology, together with 
the chairman of the University Grants Committee 
and a Ministry of Education representative as 
assessors. 


Study of Dentine 


TEETH consist of a surface layer of enamel and a 
core of dentine which also forms the root. The 
dentinal matrix is permeated by canaliculi which, 
according to the usually accepted view, contain 
cytoplasmic strands originating from odontoblasts 
within the pulp cavity. An alternative view about 
the contents of the tubules was advanced as long 
ago as 1879, but the classical description does not 
appear to have been challenged until 1954 when Dr. 
W. Warwick James published a preliminary account 
of work which led him to believe, first, that the 
dentinal tubules open into the pulp cavity between 
adjacent odontoblasts ; secondly, that they contain 
tissue fluid; and thirdly, that odontoblasts are con- 
cerned with the production of the collagenous fibres 
and mucopolysaccharides of the dentinal matrix. A 
full report of Dr. James’s observations has recently 
been published in the T'ransactions of the Zoological 
Society of London (29, Part 1; 1957) in the form 
of a lavishly illustrated monograph. Introductory 
sections summarize earlier views about the structure 
of dentine and lead to descriptions of the histological 
appearance of the tissue as seen in the conventional 
type of preparation from the teeth of mammals 
(twenty-two species at various stages of develop- 
ment); reptiles (seven species); amphibians (one 
species) ; and fish (ten species). Dr. James develops 
the thesis that the dentinal tubules originate as a 
result of mechanical forces set up as adjacent odonto- 
blasts produce columns of fibrous matrix in a space 
permeated by tissue fluid and enclosed by the cells 
of the internal dental epithelium. He concludes with 
an account of some of the physical properties of 
dentine, and suggests that the high elasticity of the 
tissue accounts for its peculiar sensory characteristics. 


Biotopes of Ruwenzori 


In the second series of monographs on the 
Exploration du Pare National Albert (fase. 3. Inet. 
des Parcs Nat. du Congo Belge, Brussels, 1956), J. 
Heinzelin and H. Mollaret have written an intro- 
ductory account of the “Biotopes de Haute Altitude 
Ruwenzori, I’. The localities inspected, mostly at 
an altitude of 4,000 metres and above, are seldom 
visited, except perhaps by native hunters, the more 
so as there is no season when good weather, and 
therefore travelling conditions, can be assured. 
There are, however, brief periods, for example, 
during January-February, when for a few weeks 
mist and rainfall may be such as to admit of travel 
and observation. The equipment used during the 
expedition is described, and then follow notes and 
diagrams on selected biotopes, that is, localities in 
which particular biological materials are to be 
observed. The monograph is illustrated by some 
excellent photographs—some in colour—those of the 
high mountain lakes being of a particular fascination. 
The main cartographical observations from the 
present and from earlier surveys of the high massifs 
of Ruwenzori have been brought together in a new 
map. Some brief floristic and faunistic notes are 
given. 
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Biochemistry of Antibiotics 

Tue first European symposium on “The Biochemis- 
try of Antibiotics” was held during September 10-13, 
1956, in Milan. The second volume of Giornale di 
Microbiologia (pp. 503, 1956) is devoted entirely to 
the papers given at this symposium and to the 
discussions which followed. The president, Prof. P. 
Rondoni, contributed the foreword, but unhappily 
he was not able to be present and he died shortly 
afterwards. The papers deal with topics such as the 
chemical composition and biosynthesis of antibiotics 
and their mode of action on pathogenic bacteria. 
There were thirty-four communications, most of 
them given in English; Sir Howard Florey, A. I. 
Virtanen and 8. A. Waksman were among the 
contributors. 


Veszprém Polarographic Conference 


Tue proceedings of the polarographic conference 
held in Veszprém, Hungary, in August 1955 have 
now been published in Acta Chimica (Hungary), 9 ; 
1956. Forty-six papers were presented at this con- 
ference, covering general procedures, inorganic, 
organic, biochemical and pharmaceutical applications 
of polarography. Among the subjects discussed were 
various new types of polarographic electrodes, oscillo- 
graphic polarography and the use of kinetic currents 
for the determination of extremely high rates of 
reaction. The effect of maxima suppressors on the 
shape of polarograms was considered and an attempt 
was made to correlate the molecular weight of a 
suppressing agent with its concentration and maxima- 
suppressing ability. Methods were described for the 
polarographic estimation of magnesium, gallium, 
oxygen, dithionite and various nitrogen- containing 
inorganic compounds. In the organic field the polaro- 
graphic reduction of nitrogen-containing heterocyclic 
compounds, aromatic nitro-compounds, glucosazones 
and boric acid derivatives of D-glucosazones were 
among the subjects studied. In the biochemical 
applications of polarography, investigations were 
reported on muscle proteins, proteins in serum 
obtained from liver lesions and mucoproteins in 
pneumoconiosis. Work on new methods of evaluation 
of catalytic protein waves was described, as also were 
researches on the Brdicka polarographic protein 
reaction. Various applications of polarography to 
pharmaceutical problems were recorded. Copies 


of the proceedings can be obtained from Kultura, 
Budapest VI, Magyar Ifjiség utja 21. Price 126 
forints. 


Institute of Information Scientists 

A MEETING will be held on January 23, at 5.30 
p.m., at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, London, W.C.2, 
to discuss terms of inauguration of an Institute of 
Information Scientists. The aims of the proposed 
Institute would include the promotion of high 
standards in scientific and technical information 
work, the promotion of educational courses, and the 
establishment of qualifications for those engaged in 
such information work. Membership of the Institute 
would be open, in the first place, to graduate (or 
similarly qualified) members of scientific, technical 
or economic information departments. Applications 
for admission tickets may be made to J. Farradane, 
Torran, Croiton Road, Orpington, Kent. Applicants 
should indicate briefly their qualifications and enclose 
@ stamped addressed envelope for reply. 
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University News : Belfast 


Dr. D. T. Etmorg has been appointed to a lecture- 
ship in biochemistry. 


London 


Pror. H. Lionet Etvin has been appointed 
director of the University of London Institute of 
Education from October 1, 1958. Since April 1956 
Prof. Elvin has held the chair of education with 
special reference to education in tropical areas at 
the Institute. The title of reader in chemistry in the 
University of London has been conferred on Dr. 
C. A. Bunton and on Dr. A. Wassermann in respect 
of their posts at University College; and that of 
reader in applied mathematics in the University of 
London on Dr. E. P. Wohlfarth in respect of his post 
at the Imperial College of Science and Technology. 


Melbourne 


Dr. J. A. Pareman has been appointed a senior 
lecturer in botany. 


Sheffield 


Tue Shell Petroleum Co., Ltd., has made a gift 
of £15,000 to the Development Fund of the Univer- 
sity. 


Announcements 

MeEpaLs of the Tokyo Geographical Society have 
been awarded to Prof. L. Dudley Stamp, immediate 
past president, and Prof. Hans Ahlmann, president 
of the International Geographical Union. 


Mr. LEonaRD ROTHERHAM, director of research 
and development at the Industrial Group Head- 
quarters of the United Kingdom Atomic Energy 
Authority, Risley, Warrington, Lancs., has been 
appointed a full-time member of the Central 
Electricity Generating Board with effect from 
April 1. 


Tue Institute of Personnel Management is holding 
a five-day residential study course in “The Employ- 
ment Function of Management” during January 
26-31 at the Prince of Wales Hotel, De Vere Gardens, 
Kensington, London, W.8. Further information can 
be obtained from the Courses Secretary, Institute of 
Personnel Management, Management House, 80 
Fetter Lane, London, E.C.4. 


A couRsE in “The Use of Statistics in Personnel 
Management”’, organized by the Institute of Per- 
sonnel Management in conjunction with the National 
Institute of Industrial Psychology, will be held non- 
residentially at the National Institute of Industrial 
Psychology, 14 Welbeck Street, London, W.1, during 
January 20-24. It is intended for those personnel 
officers and managers who have had no previous 
training in the use of statistical methods and their 
application to personnel administration. Further 
information can be obtained from the Training 
Officer, Institute of Personnel ent, Manage- 
ment House, 80 Fetter Lane, London, E.C.4. 


Tue British Institute of Management is holding a 
work study conference on February 6. The fee for 
attendance is 7 guineas, which includes morning 
coffee, buffet luncheon and afternoon tea. The con- 
ference will be held in the Caxton Hall, Caxton Street, 
Victoria Street, London, 8.W.1. Further information 
can be obtained from the British Institute of Manage- 
ment, Management House, 80 Fetter Lane, London, 
E.C.4. 
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THE RAMSDEN LABORATORY OF ILFORD LIMITED 





By Dr. G. B. HARRISON 
Research Director 


HE silver halide crystal is the basis of the 

photographic industry, and the scientific and 
patent literature of this century contains ample 
evidence of the effort that has been applied to 
enhance its amazing efficiency as a detector of 
radiation. The achievement of the highest possible 
sensitivity to light must be one of the principal aims 
of a research group in photographic science, and this 
must be pursued through experimental emulsion- 
making, as well as by more fundamental studies of 
the physics and physical chemistry of the process. 
In the photographic industry it is still only one of 
many aims, and it is the task of large laboratory 
units to evolve all those sensitive materials of highly 
specialized characteristics which are demanded by 
the different branches of human activity to which 
photography makes its contribution. 

The film production facilities of Ilford Limited are 
situated at Brentwood in Essex, and the recent 
opening of a new building there, the Ramsden 
Laboratory, is @ consequence of the rapid expansion 
of output, the greater variety of product which it is 
called upon to produce, and the increasing com- 
plexity of the problems which are set by the range 
of applications of film in the modern world. 

The Ramsden Laboratory (Fig. 1) has an area of 
30,000 sq. ft. on two floors, divided into three sec- 





Fig. 1. Front of the Ramsden Laboratory, Ilford Limited, Brentwood, Essex 


tions: emulsion and chemistry, testing, and physics. 
In it are blended more or less conventional chemical 
and physical laboratories and workshops, with a 
large number of laboratories and dark rooms specially 
designed for the various operations of photographic 
technology. 

The Emulsion and Chemistry Section has respons- 
ibility for emulsion production as well as for research 
and development leading to improved or new emul- 
sions, and its first care is for the quality of raw 
materials. These present peculiar problems in this 
industry, for traces of foreign chemicals which may 
be almost undetectable chemically or spectrographic- 
ally may produce marked and damaging effects in 
photographic emulsions, and the processes of routine 
analysis in the chemical laboratories must be supple- 
mented by tests in emulsions. 

Of all the raw materials, gelatin offers the biggest 
problem and is of the greatest interest. At Brent- 
wood and in the Ilford laboratory of the Company, 
the application of the techniques of paper chromato- 
graphy and electrophoresis, and of polarography, has 
led to the identification and quantitative determina- 
tion of the traces of sulphur compounds in gelatin 
which act as sensitizers of silver halide, and work 
now in progress at Brentwood is throwing new light 
on the protein itself. 
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The eight emulsion-making laboratories are 
grouped on the ground-floor, and their design has 
evolved from many years of experience. They are 
provided with stirring and mixing apparatus for the 
precipitation of silver halide under closely controlled 
conditions, and thermostatically controlled tanks for 
heat treatment. The ‘safe-lighting’ and ventilation 
of these laboratories have needed careful planning to 
achieve the best possible working conditions with the 
greatest efficiency. 

The problems of the emulsion chemist arise in the 
first place from the variety of films that are nowadays 
called for. The fast panchromatic films of the 
miniature camera are closely related to those of the 
cinema industry, and a little more distantly to the 
films which meet the needs of aerial photography or 
oscillograph recording in various forms. The range 
of emulsions of high contrast used in X-ray work, 
medical or industrial, are entirely different products. 
The graphic arts also make their demand on the 
emulsion makers’ time and ingenuity, and the 
problems met in the development and production 
of films for colour photography are the most complex 
of all. Work devoted to the improvement of all these 
materials is constantly in progress. 

The emulsion chemist’s task is not by any means 
limited to production of a material which has the 
required characteristics of sensitivity, contrast and 
freedom from fog or from troublesome grain. Besides 
these and other ‘sensitometric’ characteristics there 
are other qualities that the material must possess to 
give satisfaction under all conditions of handling or 
mishandling, and these call for a study of such factors 
as surface hardness, surface friction, wettability, 
water absorption and the melting point of the 
swollen emulsion, and the means to modify these 
qualities. Problems of colloid chemistry arise here, 
as they do also in the manufacturing process itself. 
These problems are ultimately technological ones for 
the emulsion chemist to solve, but the Ramsden 
Laboratory has a section where rheology and surface 
chemistry and physics, as they relate to photographic 
processes, are to be the subjects of basic investigations. 

A small department fully equipped for microscopy 
and photomicrography will provide essential service 
to all departments of the Laboratory. 

The testing of a trial emulsion presents a special 
problem and covers not only the characteristics of 
its sensitivity to light but also other features such as 
resolving power, graininess and physical properties 
like its susceptibility to scratching or melting point. 
Nearly all these tests are peculiar to the photographic 
laboratory, and it is necessary to develop most of 
the testing equipment within the organization. This 
is generally part of the work of the physics labor- 
atory which, by the application of physical principles, 
will first devise the test and then produce at least a 
working prototype of the final routine test equip- 
ment. The physics laboratory is provided with a 
well-equipped workshop and drawing office which is 
capable of light precision engineering and can build 
all kinds of equipment from the odds and ends 
required in the construction of research ‘lash-ups’ to 
a full-scale continuous processing machine for 
handling cinematograph film. Such a machine is, in 
fact, being constructed for installation in the pro- 
cessing section and will be capable of processing 
35-mm. ani 16-mm. colour film. For experimental 
work a high degree of versatility is required, and the 
machine will be able to perform any sequence of 
operations likely to be called for in research on new 
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processes of colour photography, which is one of the 
chief preoccupations of the physics laboratory 
to-day. Present-day colour materials start with a 
more or less conventional black-and-white emulsion 
having special features which are the product of 
research in the emulsion laboratories. The problem 
of introducing colour is one involving both chemistry 
and physics, and the particular problem of the colour 
reproduction obtained is very much the concern of 
the physicist. 

Another section of the physics laboratory is 
concerned with electronics. The use of equipment 
coming under this general heading is growing rapidly, 
particularly in testing instrumentation and its pro- 
gress towards more and more automation. Electronics 
has in this way played its part in developing colour 
photography and now it seems to be entering the 
field of commercial printing of colour materials. 

The photographic industry depends more than 
most industries on its research laboratories, and this 
new laboratory at Brentwood, which was visited by 
the Duke of Edinburgh on December 6, is the third 
new laboratory designed and built by Ilford Limited 
since the Second World War. 


RESIDUES OF PESTICIDES IN 
FOODSTUFFS 


JOINT meeting of the Pesticides Group of the 

Society of Chemical Industry with the Associa- 
tion of British Insecticide Manufacturers was held on 
October 21 to discuss “‘Residues of Pesticides in 
Foodstuffs”. The chairman of the Pesticides Group, 
Dr. F. P. Coyne, said that the intention of his com- 
mittee in organizing the discussion was to give those 
in the chemical industry engaged in trying to apply 
current regulations an opportunity to air their views 
on this rather controversial matter. The Association 
of British Insecticide Manufacturers had welcomed 
the proposal and had nominated three speakers who 
would be recognized as authorities on the particular 
aspects which they discussed, but none of whom 
would wish to be taken as speaking for every member 
of the Association. The presence of 160 in the 
audience was some indication of the interest aroused, 
and there would have been at least forty more had 
seating capacity been available. 

The following papers were delivered: ‘Existing 
Regulations in the U.K. and Overseas” by Mr. J. I. 
Hendrie; ‘‘Pesticide Residues and Public Health” 
by Dr. E. F. Edson; and ‘“‘Determination of Resi- 
dues’’ by Mr. J. M. Winchester. 

Since the United States and Britain appeared to 
have progressed more than other countries in pro- 
viding public safeguards, it was inevitable that the 
two very different procedures should be compared 
and contrasted. In the United States no new pesti- 
cide can be marketed before the Food and Drug 
Administration has laid down a tolerance, and if this 
limit be exceeded the whole of the treated crop is 
subject to confiscation. In Britain, a voluntary 
system of notification of new pesticides operates, and 
there is no provision for enforcement. The principle 
adopted is to agree on treatments that will result in 
no toxic hazards to the consumer, and this is con- 
sidered preferable to any definition of permitted 
residues. It was stressed that tolerances in the 
United States do not in themselves indicate basic 
toxicity to humans, since the Food and Drug 
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Administration is charged by Congress to prevent 
unnecessary contamination of food, and its tolerance 
always takes into consideration the minimum bio- 
logically effective dosage—which may differ for 
different pests on different crops and which relate 
only to conditions in the United States. 

It would be surprising if two such systems had 
evolved along exactly the same lines, and the factor 
of legal enforcement probably tends to make the 
Food and Drug Administration more meticulously 
precise in its demands. None of the speakers sug- 
gested that its requirements were in any way fallac- 
ious, but doubts were expressed as to whether all 
the routine requirements were essential. A recent 
report from the United States, that the combination 
of two organo-phosphorus pesticides at residue levels 
within the permitted tolerance for each caused effects 
on experimental animals greater than could have been 
anticipated as normally additive, raised the question 
of ‘potentiation’. This could mean that any new 
pesticide must be tested in combination with all 
others to prove its absence of hazard and, while no 
objection could be made were the case for such action 
fully proved, the greatest care was needed in ensuring 
that any such requirement was justified to the full, 
because of the implications. Theoretically, the 
possibility of such a happening could not logically be 
restricted to chemically similar compounds. 

Some fear was expressed that the superficial 
attractiveness of stated tolerances would tend to 
make other countries favour the United States 
system, and that without the excellent facilities and 
high standards of operation in the Food and Drugs 
Administration there could arise a series of unco- 
ordinated demands on industry, many of them quite 
unjustified. The analytical side is completely 
dependent upon the methods available, about which 
there is frequent disagreement even at national 
levels. This is one of the reasons why British officials 
are not enthusiastic about stated tolerances. 

Toxicological work presents even more complica- 
tions, not only in the choice of techniques but also in 
the interpretation of findings, and Dr. E. F. Edson 
advocated caution at this early stage, although he 
was satisfied that there are no grounds for active 
apprehension. He suggested, and was supported by 
Mr. J. M. Winchester, that consideration should be 
given to more extended feeding tests as alternatives 
to exhaustive chemical investigations into possible 
metabolites of pesticides. Both speakers agreed with 
Mr. J. I. Hendrie that closer collaboration between 
Government and industry is necessary in order to 
define more accurately the essential requirements. A 
Board of Trade investigation into demands of over- 
seas countries is being carried out and should elaborate 
the position reviewed by the first speaker. Efforts 
to draw up an agreed scheme of testing are at present 
being made by official and industrial toxicologists in 
Britain, and such a contribution could well form 
the basis for discussions with other countries. 

Emphasis was laid on the sense of responsibility 
of the industry and on its desire to do all that is 
necessary to protect the public ; but it was pointed 
out that if the difficulties of development of a pesticide 
became so onerous that the prospects of adequate 
commercial return appeared to be too remote, finance 
in the chemical industry will undoubtedly be directed 
into other channels—as a simple duty to share- 
holders. Even to-day it is widely agreed, both in 
the United States and Great Britain, that it is not 
worth while to attempt to develop a new speciality 
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product with very limited markets, no matter how 
important the problem involved may be to the branch 
of agriculture or horticulture concerned. This 
applies whether the potential pesticide be highly 
toxic or relatively harmless to humans, since the same 
procedure must be followed and the same order of 
expenditure incurred. 

In attempting to summarize the three papers, the 
chairman pointed out that all three contributors 
were making a case for co-ordination of international 
standards, in principle at least. It seemed possible, 
however, that if Britain desired some general inter- 
national agreement, she may have to be the first to 
modify current practice. Already in Britain there 
are tolerances for a limited number of preservatives 
of foodstuffs, which include fungicides. It would not 
require any fundamental change to extend these to 
insecticides, weedkillers, ete. If some such action 
could be taken there would probably be a much 
better chance that the system operating in Britain 
would be acceptable elsewhere. 

Opening the discussion, Sir Solly Zuckerman paid 
a tribute to British industry, not only for its highly 
developed sense of responsibility, but also for its 
most co-operative attitude on the voluntary noti- 
fication scheme. He refused to be perturbed by the 
present situation, and considered that the essential 
costs must be shared by government, industry and 
the user of pesticides. Since Britain, as well as being 
a leading importer of foodstuffs is also a considerable 
exporter of chemicals, it was doubly important that 
we should take a lead in this matter. Hoe advocated 
caution, however, in making an approach to United 
Nations agencies, such as the World Health or Food 
and Agriculture Organizations, which could ulti- 
mately be important and helpful, until more progress 
had been made in settling Britain’s own admitted 
difficulties in chemical and toxicological testing and 
interpretation. If the collaboration already existing 
between industry and government were continued in 
the same spirit he was hopeful that the chief difficul- 
ties could be overcome. 

An animated discussion followed with views and 
comments from chemists, toxicologists and adm 
istrators in government and in industry. It was 
clear that everybody concerned was well aware of 
the difficulties, but there was less unanimity on how 
to overcome these. A tendency to generalize rather 
too freely from particular examples was perhaps 
excusable with such a complex issue, particularly in 
view of the short period during which current regula- 
tions have been operating, either in the United 
States or Britain. The papers and discussions will be 
published in full elsewhere. F. P. Coyne 


PHYSICS IN INDIAN UNIVERSITIES 


NDER the auspices of the Indian University 

Grants Commission, the University of Calcutta 
arranged a seminar on physics which was held during 
September 9-11. The conference was attended by 
Dr. W. W. Buechner, professor of experimental 
physics in the Massachusetts Institute of Technology, 
and by delegates from almost all the universities in 
India at which physics is taught at a postgraduate 
level, together with representatives from a number 
of other research institutes. The second and third 
days of the seminar were devoted to papers on 
nuclear physics and cosmic rays. 
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The morning and afternoon sessions of the first 
day were allotted to a discussion of the teaching of 
postgraduate physics in Indian universities. While 
welcoming the guests, Dr. P. C. Bhattacharya, head 
of the Department of Physics, University of Calcutta, 
gave a brief account of his Department, first estab- 
lished in 1916, in which such eminent scientists as 
Sir C. V. Raman, Dr. D. M. Bose, the late Dr. M. N. 
Saha, Dr. 8. K. Mitra and Prof. 8. N. Bose worked and 
inspired the younger generation. Dr. D. M. Bose, 
director of the Bose Institute, in his presidential 
address, first gave a description of the teaching of 
physics in his college days in the Presidency College, 
Caleutta (1905-6), in Cambridge (1907-11), in 
London (1911-12) and Berlin (1914-18), under J. C. 
Bose, J. J. Thomson, C. T. R. Wilson, Jeans, Watson, 
Rubens, Max Planck and others. He also mentioned 
the methods of teaching of Einstein and Nernst. As a 
professor of physics, Dr. Bose revised the M.Sc. 
syllabus in physics for the University of Calcutta in 
1920 on the lines adopted by Planck: Dr. Bose dis- 
cussed the feasibility of devising a satisfactory sylla- 
bus for teaching postgraduate physics in all the 
universities in India. Young men after getting the 
degree of M.Sc. generally take up (1) the teaching of 
physics in high schools and colleges, (2) research work 
in the universities, government laboratories and 
industry, (3) administrative work in government, 
technical and commercial services; and Dr. Bose 
stressed the importance of the first category to 
the economic and technological development of 
India. 

Finally, Dr. Bose dealt with the importance of 
encouraging nuclear research through non-govern- 
mental agencies. Like Brookhaven National Labora- 
tory for research and training in nuclear physics 
which is managed by nine United States universities, 
he pleaded that similar laboratories should be estab- 
lished in India on a regional basis. 

Dr. Buechner gave an impression of his two 
months tour of India, visiting various universities 
and institutions. He remarked upon certain similari- 
ties between India and the United States as regards 
the type of student who undertakes postgraduate 
studies and the lack of financial support for universi- 
ties. One striking difference is that in the United 
States, although there are a number of laboratories 
managed by the government or by industry, the 
prime centre of research is the university. This is 
not the case in India, where Dr. Buechner had the 
impression that the universities are steadily declining 
in importance, being overshadowed by government 
and other research institutions. Without government 
support research cannot flourish, and without research 
any programme of postgraduate teaching will fail. 
It is the responsibility of the Indian universities to 
put forward their claims to the authorities and to 
make them understand the place of research in the 
university and in postgraduate teaching. 

Sixteen other speakers, mostly heads of depart- 
ments of physics in various universities, also gave 
accounts of the methods of postgraduate teaching 
prevailing in their respective universities, with sugges- 
tions for improvements. ; 

The teachers of physics present at the seminar, 
representing almost all the universities of India, 
finally resolved (inter alia) that : 

“As the main burden of the training of future 
physicists must be borne by the universities, the 
University Grants Commission is requested to ensure 
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that the emoluments, research grants and other 
facilities available to the university teachers are 
adequate and in no way inferior to those available 
to people in similar positions in the National Labor- 
atories or elsewhere.” 

The conference viewed with concern the general 
tendency for men with the best university qualifica- 
tions to leave their universities for more lucrative 
jobs elsewhere, including the administrative services 
in which a knowledge of physics is not necessary, 
when. their knowledge is urgently required for teach- 
ing work in the universities. ‘The best tools must be 
retained for manufacturing the tools themselves, 
for this in turn will produce better and better tools.” 

P. C. BHATTACHARYA 
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WATER QUALITY PROBLEMS IN 
THE UNITED KINGDOM 


T a meeting of the Society for Visiting Scientists 

held on October 22, under the chairmanship of 
Mr. H. W. Cremer, there was an interesting discussion 
on “Water Quality Problems in the United Kingdom” 
following short papers on different aspects of this 
subject by Dr. G. Carter (Metropolitan Water Board), 
Dr. A. Key (Ministry of Housing and Local Govern- 
ment), and Dr. B. A. Southgate (Water Pollution 
Research Laboratory). 

There is a growing demand for water of good quality, 
not only for domestic use, but also for industry—in 
some processes of manufacture the specifications to 
which the water must conform are more stringent 
than for drinking water—and for agriculture, particu- 
larly for drinking water for attested cattle. To pro- 
duce water of this high quality from surface supplies 
a wide range of treatment processes is used; the 
Metropolitan Water Board, for example, treats 
Thames water by storage, filtration through rapid 
and slow sand-filters, and chlorination; industrial 
supplies may be treated in plants resembling those of 
municipal water undertakings, and for some purposes 
may be de-ionized by exchange processes ; drinking 
water for cattle is often chlorinated before use. 

At the same time the total volume of water asked 
for is also rapidly increasing. Usually, whether used 
for domestic or industrial purposes, the volume 
returned to a stream is substantially the same as that 
extracted, the problem being so to treat it that it 
can, if necessary, be used again farther downstream. 
For sewage, satisfactory methods of treatment are 
available, and by taking special precautions—as, 
for example, by passing the treated sewage effluent 
through sand-filters—the liquid finally returned to a 
river may be brought to a high standard of quality, 
and indeed would often be suitable, after chlorination, 
for some industrial purposes. Waste waters from 
industrial processes, having a much wider range of 
composition, present more difficult problems in 
treatment. 

The large amount of research on these problems 
now being undertaken, or sponsored, by industry was 
widely recognized in the discussion. Several speakers 
referred to the difficult situation which may arise if 
there is any great increase in the practice of irrigating 
farm crops in the drier parts of Britain ; water used 
in this way is lost from the cycle of use and re-use, 
being, of course, evaporated or transpired by plants. 
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U NDER the auspices of the Imperial College 
Exploration Board, seven students from the 
Imperial College of Science and Technology, London, 
organized an expedition to Ghana in the summer 
vacation, 1957. One of the seven, G. A. Matthews, 
made @ detailed and restricted study of the infestation 
problems of ships’ cargoes. The remaining members, 
including two women students, led by N. D. Jago (a 
third-year entomologist), undertook ecological research 
which centred upon soil conservation, one of the 
most important and fundamental problems in the 
tropics. 

The main body was based in the Bobiri Forest 
Reserve near Kumasi, where two suitable areas were 
selected for examination. One was a strip transect 
containing @ stream, thick forest and swamp, and the 
second @ river area now drained and deforested, 
supporting a rice crop. Rice has only recently 
been introduced into this district, and the selected 
areas provided the opportunity for comparative 
studiés. 

The usual method of farming in Ghana away from 
the coastal plain is to clear the mature forest and 
to plant crops. The humus is immediately dried by 
the sun, and the soil nutrients, no longer held by an 
extensive root-system, are leached away by rain and 
the area is soon allowed to degenerate into secondary 
hush vegetation. The focal point of the investigation 
was the factors affecting formation and destruction 
of humus. In addition, associated problems were 
studied by individual members of the party. 

During the eight-week period in the forest region 
several trips were made by the students in order to 
extend the work and see different peoples and places. 
B. M. Gerard went as far as Agades, on the southern 
fringes of the Sahara, accompanied by D. H. Barry, 
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lecturer in botany in the Kumasi College of Tech- 
nology. Together they began an analysis of leaf- 
hopper associations in different grasslands in the 
various savannah regions. 

Just before the party returned, an area of forest 
was completely cleared of vegetation and it is hoped 
that other expeditions from the College will be able 
to study this region and thus continue the work 
which has had so successful a beginning. 

Generous financial support was provided by a 
number of firms and institutions and invaluable help 
was also given by several departments of the Ghana 
Government and of the University College of Ghana, 
Achimota. B. M. GERARD 


FLAVONOIDS OF THE PRIMULACEAE 


Distribution of Flavonoids in Genotypes of 
Primula sinensis 


HE Chinese primrose, Primula sinensis, a plant of 

which a wide range of colour mutants is available’, 
provides excellent material for investigating the 
biochemical genetics of the flavonoid plant pigments. 
Earlier, Scott-Moncrieff? showed that red flowers 
(K-genotypes) contained malvidin-3-monoside which 
was dominant to pelargonidin-3-monoside in coral 
flowers (kk genotypes). A Mendelian factor Dz 
controls the independent production of pelargonidin 
in the presence of K. Other genes present influence 
flower colour by controlling production of an un- 
identified flavone co-pigment, by altering the pH 
of the cell sap and by regulating the concentration of 
anthocyanin. 

A re-investigation of the flavonoid pigments of this 
plant was prompted by the facts that the stocks used 
by Scott-Moncrieff were still available and that better 
methods of identifying these pigments had been 
developed since her investigations. The flavonols 
and anthocyanidins produced by acid hydrolysis of 





direct plant extracts have been examined in both the 
floral and foliar parts of the different genotypes of 
P. sinensis. Identifications have been based on 
comparisons with authentic compounds using paper 
chromatography in several solvent systems*, and 
spectrophotometry*. The results show that all the 
six common anthocyanidins and also the three 
flavonols, kempherol, quercetin and myricetin, are 
present in various forms of P. sinensis. 

The distribution of these pigments, which are all 
closely related chemically, is as follows. Flowers of 
K-genotypes which are coloured contain mainly 
malvidin, some petunidin and traces of delphinidin ; 
in the leaves and stems, there is much more of petuni- 
din than of the other two pigments. In the flowers, 
kempferol is the predominating flavonol and lesser 
amounts of quercetin and myricetin are present. In 
the leaves and stems, quercetin is present in greater 
amount than myricetin and kempferol. K-geno- 
types which bear white flowers have the same pigment 
pattern, except, of course, that there are no antho- 
cyanidins in the flowers. In addition, pelargonidin 
occasionally appears in both floral and foliar parts 
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since, even in the absence of Dz, K is incompletely 
dominant in some genetic backgrounds’. In the 
presence of Dz, large amounts of pelargonidin are 
present in the flowers of K-genotypes, but the foliar 
parts only contain traces of this compound. 

Flavonoids with hydroxyl (or methoxyl) groups in 
the 3’, 4’ and 5’ positions, for example, myricetin 
and delphinidin, are absent from the recessive kk 
genotypes, namely, kkdzdz and kkDzDz. The latter 
genotype has the higher absolute content of pigment 
in the flowers. Both contain mainly pelargonidin, 
together with a small amount of peonidin (about 
10 per cent) and traces of cyanidin in their petals. 
The foliar parts, however, contain equal amounts of 
pelargonidin and cyanidin. Kempferol and querce- 
tin occur in all parts of the plant. In the flowers, the 
former predominates, and quercetin is often absent. 
The situation is reversed in the leaves, where again 
quercetin is found most abundantly. 

Other related polyphenolic compounds are also 
present in P. sinensis. An unidentified flavanone 
glycoside, sinensin®, occurs in large quantities in the 
flowers of kkDzDz forms, from which it has been 
isolated. The aglycone, sinensetin, does not corre- 
spond in its properties with any of the commonly 
occurring flavanones and therefore its structure is 
under investigation. 

The co-occurrence under gene control of anthocyani- 
dins and flavonols having the same hydroxylation 
pattern was first noted by Geissman et al.” in Antirr- 
hinum majus and Dianthus caryophyllus, where the 
pairs of pigments, cyanidin and quercetin, and pelar- 
gonidin and kempferol, co-occur in different geno- 
types. The co-occurrence of anthocyanidins and 
flavonols at all three levels of hydroxylation of the 
B ring was first observed by one of us* in Solanum 
species. P. sinensis thus provides a fourth example, 
the situation being very similar to that in the Solanum 
series. This work, then, supports the theory that 
flavonols and anthocyanidins are derived from a 
common precursor, have a similar biosynthetic path- 
way and only diverge at a very late stage in pigment 
synthesis. 

It is also apparent that in P. sinensis the effects of 
some genes controlling pigment metabolism differ 
in different parts of the same plant. The only other 
known case of this phenomenon is that of plants 
of the tuberous Solanums, where tuber and flower 
contain different anthocyanins’. -It is hoped to pub- 
lish full details of this and other work elsewhere. 

J. B. HARBORNE 
H. 8. A. SHERRATT 
* De Winton, D., and Haldane, J. B. 8., J. Genet., 27, 1 (1933). 
* Scott-Moncrieff, R., J. Genet., 32, 117 (1936). 
* Bate-Smith, E. C., Biochem. J., 58, 122 (1954); Sci. Proc. Roy. 
Dublin Soc., 27, 165 (1956). 


* Harborne, J. B., Chem. and Indust., 1142 (1954). Geissman, T. A., 

a E. C., and Harborne, J. B., Chem. and Indust., 1389 
Dod). 

* Dayton, T. O., Ph.D. thesis, London (1954). 

* Dayton, T. O., Harborne, J. B., and Sherratt, H. 8. A., Biochem. J., 
638, 29 P (1956). 

* Geissman, T. A., and Mehlquist, G. A. L., Genetics, 32, 410 (1947). 
Geissman, T. A., Jorgensen, E. C., and Johnson, B. L., Arch. 
Biochem. and Biophys., 49, 368 (1954). 

*Harborne, J. B., John Innes Ann. Rep., 20 (1956). 

* Dodds, K. S., and Long, D. H., J. Genet., 58, 136 (1955). 


Anthocyanins in the Flowers of Primula 
sinensis 
SrupIEs were made previously of the biochemical 
genetics of tne flower pigments of Primula sinensis’. 
A crystalline anthocyanin from red flowers, ‘primulin’, 
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was stated to be malvidin 3-galactoside on the basis 
of its distribution number between pentanol and 
water*, and more recently the pelargonidin derivative 
present in orange flowers (genotype kkDzDz) was 
stated to be a 3-galactoside’. 

As part of a re-investigation of the polyphenolic 
components of P. sinensis‘, the anthocyanins of 
KKdzdz and kkDzDz flowers were examined by 
paper chromatography. Extracts of flowers in 
methanolic hydrochloric acid were banded on What- 
man No. 3 paper and developed with n-butanol/2N 
hydrochloric acid 1/1 (upper layer). The separated 
anthocyanin bands were cut out and eluted with 
5 per cent acetic acid in methanol and purified by 
re-running in n-butanol/acetic acid/water, 4/1/5 
(upper layer), and then 15 per cent aqueous acetic 
acid on washed paper. The purified pigments were 
hydrolysed and the aglycone and sugar components 
identified*. 

The anthocyanins in KK flowers were found to be 
malvidin 3-glucoside with an appreciable amount of 
petunidin 3-glucoside. Orange (kkDzDz) flowers 
contained pelargonidin 3-glucoside, smaller amounts 
of peonidin 3-glucoside (about 10 per cent) and 
much smaller amounts of a cyanidin 3-hexoside 
(about 1 per cent); they also contained two other 
pelargonidin glucosides which did not correspond in 
their chromatographic behaviour in five solvent 
systems with any known pelargonidin derivative. 

No galactose was detected in the hydrolysates of 
any of the anthocyanins. It was, however, readily 
confirmed by these methods that cyanidin 3-galacto- 
side was present in the leaves of the copper beech, 
Fagus sylvatica’:*. A few milligrams of the crystalline 
anthocyanin, ‘primulin’, isolated from red flowers 
of P. sinensis, and also a crystalline anthocyanin 
isolated from magenta flowers', were kindly made 
available by Miss V. C. Sturgess. These were both 
found to yield only glucose on hydrolysis and to 
consist of malvidin 3-glucoside containing about 15 
per cent of petunidin 3-glucoside. This material 
would therefore be expected to give a different 
distribution number from that of malvidin 3-gluco- 
side, which might explain the earlier incorrect 
identification of ‘primulin’ as the 3-galactoside. 

Anthocyanins which have been isolated so far from 
flowers of other members of the Primulaceae are all 
glucosides, namely, malvidin 3-glucoside from P. 
polyanthus’, malvidin 3: 5-diglucoside from P. 
viscosa and P. integrifola*, delphinidin 3 : 5-digluco- 
side from P. obconica® and hirsutidin 3 : 5-diglucoside 
from P. hirsuta’. It is no longer necessary to retain 
the name ‘primulin’! for the supposed malvidin 
3-galactoside from P. sinensis. 

H. 8. A, SHerratr 
1 Scott-Moncrieff, R., J. Genet., 82, 117 (1936). 
* Bell, J. C., and Robinson, R., J. Chem. Soc., 813 (1934). 
* Harborne, J. B., and Sherratt, H. 8. A., Biochem. J., 65, 23 P (1957). 
* Dayton, T. O., Harborne, J. B., and Sherratt, H. 8. A., Biochem. J., 


63, 29 P (1956). 
5 Robinson, G. M., and Robinson, R., Biochem. J., 26, 1647 (1932). 


* Smith, H., and Robinson, R., Nature, 175, 634 (1955). 

* Scott-Moncrieff, R., Biochem. J., 24, 767 (1930). 

* Karrer, P., and Widmer, R., Helv. Chim. Acta, 10, 14, 758 (1927). 
* Harborne, J. B. (unpublished). 


Anthocyanidins of the Primulaceae 


In connexion with detailed chemical and genetical 
investigations of the flavonoid pigments of Primula 
species, a brief survey of the anthocyanidins present 
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Table 1. ‘VISIBLE SPECTRA AND RF VALUES OF ANTHOCYANIDINS AND ANTHOCYANINS 
ae slipenbinesetee f : 
| 
Amax. (Iu) Rr values on Whatman No. 1 paper Colours 
Solvent : o¢ = 
Anthocyanidins ethanol/0-01 per cent Acetic/water/ Formic/water/ Visible Ultra-violet 
conc. HCl conc. HCl (30: 10 : 3) conc. HC] (5:3:2) ! 
Hirsutidin 545 0-78 0-36 | Purple | Mauve 
Malvidin 554 0-66 0-27 } ” } 
Petunidin 558* 0-46 0-20 | . Ma 
Delphinidin 557* 0°32 | 0:13 | “s ae 
Rosinidin — ge cds Oe 534 Pi sarcgh, Daereses 0-76 ae 0°39 Pink Magenta 
Peonidin 542 0°62 | 0:30 >» ” 
Cyanidin 545* 0-49 0-22 ” 
Pelargonidin ~ 580 0°68 0°33 Orange Orange-red 
| Butanol/acetic/ Acetic/water/ | 
Anthocyanins } water (4:1: 5) | eone. HC1(15:82:3) | 
| | 
——— }- a RL a ts ee mm i ee 
Rosinidin glycoside 524 | 0-30 } 0-70 | Pink Bright orange 
| | | fluorescence 
Peonin 527 | 0-24 0-55 98 | * ’ 
Cyanin | 533* | 0-21 0-42 Red Dull red 











* Only the spectra of these pigments were affected by adding alcoholic aluminium chloride to the cell solution (a test for free vicinal hydroxy] 
groups) 


in the flower petals of a number of wild and cultivated 
plants of the Primulaceae has been carried out, 
using modern techniques’. The results show that a 
greater variety of pigments are present than was 
apparent from an earlier survey carried out using the 
Robinson tests?. All the six commonly occurring 
anthocyanidins have been detected in one or other of 
the Primula species examined. The rare 7-methyl- 
ated anthocyanidin, hirsutidin (I, R = CH,), first 
isolated from P. hirsuta®, has been found in several 
other species, namely, P. auricula, P. denticulata, 
P. polyanthus and P. purpurea. In addition, a new 
anthocyanidin has been discovered in P. rosea, where 
it occurs with peonidin, and in a blue form of P. 
polyanthus. This anthocyanidin, for which the name 
rosinidin is proposed, has not yet been obtained in 
sufficient amounts for chemical analysis, but from 
spectral and chromatographic evidence it may well 


have the structure of 7-methyl peonidin (II, 
R = CH,): 
OCH, 
fi 8 JO ‘dl \ \ Y 
RO / —~< SoH RO¢ 
Db al \ 
Ys JOH ’ =60H, \ 
\ \ NN 
HO HO 


Rosinidin occurs in P. rosea as a glycoside, probably 
asa 3: 5-diglycoside, and is prepared from it by acid 
hydrolysis. The Rr values and visible maxima of 
both glycoside and aglycone are listed in Table 1, 
together with those of known pigments. Rosinidin, 
while showing all the characteristic colour reactions 
and solubility properties of an anthocyanidin, differs 
in its spectral and chromatographic data from any 
of the known anthocyanidins, all of which have been 
available for direct comparison. 

The following facts suggest that rosinidin is 
7-methyl peonidin (II, R = CH;). (1) In its proper- 
ties, it most closely resembles peonidin rather than 
any of the other anthocyanidins. The glycoside in 
particular possesses the bright orange fluorescence 





in ultra-violet light previously shown only by peonidin 
3: 5-diglycoside. (2) The Rr values of both aglycone 
and glycoside are higher than those of the known 
pigments. It is well known that stepwise masking 
of the hydroxyl groups in anthocyanidins by methyl- 
ation correspondingly increases the Ry value in aque- 
ous solvents (cf. the series delphinidin, petunidin, 
malvidin and hirsutidin in Table 1). (3) The hypso- 
chromic shift of 9 my. caused by introducing a 7-methyl 
group into malvidin (I, R = H) to give hirsutidin 
(I, R = CH,) is exactly paralleled by the difference 
of 8 my in the spectra of rosinidin (Amax. 534 my) 
and peonidin (Amax. 542 mu). (4) The occurrence of 
rosinidin in Primulaceae, a genus known to make a 
7-methylated anthocyanidin, that is, hirsutidin, is 
significant. There is indeed a striking parallel between 
the occurrence of hirsutidin and malvidin in P. 
hirsuta, and rosinidin and peonidin in P. rosea, 
Furthermore, all four anthocyanidins occur in P. 
polyanthus. 
The presence of two 
rare anthocyanidins, 
____ OCH, hirsutidin and rosinidin, 
Jn a ee in Primulaceae fits in 
with earlier studies of 
the flavonoid pigments 
present in this genus. 
SZ. For example, certain 
Primula species are 
quite exceptional in ex- 
uding flavone and, in 
some cases, 5-hydroxy, 
or § : 8-dihydroxy flavone, as a white dust or ‘farina’ 
on their leaves and stems‘. Several other unusual flav- 
onoid pigments have been detected during this survey 
and it is hoped to characterize them in due course. 


II 


J. B. HarsporneE 


John Innes Horticultural Institution, 
Bayfordbury, Hertford, 
Herts. 
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Phil. Trans. Roy. Soc., 280, 149 (1939). 

® Karrer, P., and Widmer, R., Helv. Chim. Acta, 10, 758 (1927). 

4 Muller, H., J. Chem. Soc., 197, 872 (1915). 

1 








28 NATURE 


RELATION BETWEEN PEROXIDASE AND ‘CYTOCHROME dh’ 
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IN WHEAT ROOTS 


By Pror. H. LUNDEGARDH 
Penningby, Sweden 


EROXIDASE is present in most non-chlorophy]- 
lous plant tissues'—*. The main source of this 
hemin enzyme is wild horseradish’, but roots of 
spring wheat, too, contain considerable quantities, 
amounting to 10-20 umoles per litre of root tissue’. 
The peroxidase may be extracted from roots treated 
with cold acetone. It shows the same spectrum as 
peroxidase from horseradish, namely, a high band 
at 404 my, which after reduction in dithionite moves 
to 437 my, and a more indistinct broad elevation at 
about 500 my, sloping toward 600 mu, which at reduc- 
tion is substituted for a sharp band at 556 my. All 
these bands, as also the complexes with CN- and F-, 
are excellently recorded in living roots'. 

Peroxidase is the quantitatively dominating hemin 
enzyme in wheat roots. The concentration commonly 
exceeds that of the sum of the cytochromes a + a;, 
c + c,, and b, which are all present in the lower 
0-60 mm. of wheat roots from 2-3 week-old seed- 
lings‘. Peroxidase is claimed to oxidize various 
substrates, including phenols and _ polyphenols, 
quinone compounds, etc., at the expense of hydrogen 
peroxide*. These experiments in vitro, however, have 
not contributed much to knowledge of the role of 
peroxidase in the cell metabolism. From measure- 
ments on horseradish I concluded that peroxidase 
may conduct at most 10-15 per cent of the total 
aerobic respiration of wheat roots‘e. Accumulating 
evidence in the literature points to the co-operation 
of manganous ions and complexes between peroxidase 
and organic compounds in the oxidizing activity of 
peroxidase. Long ago I showed* that the basal 
respiration of wheat roots is stimulated by manganous 
ions. Kenten and Mann‘ showed that the oxidation of 
certain dicarboxylic acids is catalysed by peroxidase 
systems in the presence of manganous ions. Ray and 
Thimann’, studying Omphalia flavida, claim that 
indole-3-acetic acid is oxidized and destroyed by a 
peroxidase which forms an intermediate, possibly 
with a skatol compound. Stutz* mentions an enzyme 
with similar properties which, in Lupinus albus, 
requires a phenolic activator and is stimulated by 
manganous ions. These studies were not supported 
by spectrophotometric observations on living tissues, 
however. 

During spectrophotometric investigations on wheat 
roots I observed‘ a band at about 571 my appearing 
under prolonged complete anaerobiosis in a non- 
streaming medium (aqueous solutions of phosphate or 
neutral salts). Observations of the time-course of 
increasing reduction showed that this band may be 
clearly distinguished from the «-band of cytochrome 
b at 560-562 my (cytochrome 6 in plants has bands 
moved about 1-2 my toward the violet, as compared 
with cytochrome 6 from animals or yeast; it also 
reacts much more slowly on antimycin A than the 
yeast enzyme. As the formation of the new compound 
was inhibited by urethane, a complete spectrum of it 
could be calculated®* as the difference: e¢(oxygen- 





free water) minus ¢ (oxygen-free 10 per cent urethane). 
Because the compound showed y-, 8-, and «-bands 
(at 424, 540, and 571 my respectively) quite similar to 
those of the cytochromes and also behaved similarly 
to cytochromes at reduction and reoxidation it was 
called ‘cytochrome dh’ %#-e, Continued investigations 
now showed that ‘cytochrome dh’ is probably not 
& true cytochrome but a peroxidase complex, appear- 
ing only under extreme anaerobiosis. An important 


step to the identification of the complex nature of 


‘dh’ was the observation that it does not, as a rule, 
appear either in the mitochondria or in the micro- 
some fractions of root homogenates’. The mito- 
chondria show excellent spectra of cytochrome 
b, whereas peroxidase together with fractions 
of cytochrome ¢ and flavoprotein go into the 
supernate. 

The high band of peroxidase at 404 my as a rule 
dominates the y-spectrum of aerated roots (Fig. 1). 
The cytochromes c and 6, which according to the 
60-85 per cent oxidation normally prevailing” are 
present mainly as bands at 406 and 418-420 my 
respectively, move the peak of the peroxidase band 
somewhat toward the red, but the true concentration 
of peroxidase can generally be calculated from the 
difference 404-380 my. 
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Fig. 1. Direct spectrograms (with 10 layers of Munktell No. 3 
filter paper as reference) of a bundle of wheat roots 14 mm. thick 
(0-20, 20-40 mm. from the tips, packed together; seedlings 2-3 
weeks old). Stages of increasing suffocation in non-streaming 
water (closed tube, containing 6 ml.). x— x, start from aerated 
water; +—+, 15 min.; O—O, 45 min.; A—A, 110 min. 
from the closure of the tube. The spectrograms show the dis- 
appearance of peroxidase and the appearance of the joined 
y-bands of cytochromes ¢, ¢,, b, and_the peroxidase-dh complex 
(links), and the appearance of joined a-bands of the latter com- 
pounds in the time-order c > 6 > dh (to the right) 
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The peroxidase is not reduced if the roots are 
exposed to complete anaerobiosis, but the bands at 
404 and 500 my nevertheless more or less disappear 
(Fig. 1). The disappearance of the elevation in the 
blue-green is conveniently measured from the differ- 
ence (580-520 my), the rise of which is the main 
cause of the rising extinction in the yellow-red part 
of the root spectrum under anaerobiosis. 

Continuous records of the spectral changes occurring 
in roots which are exposed to states of increasing 
suffocation now show that the bands of ‘cytochrome 
dh’ appear synchronously with the disappearance of 
the peroxidase band at 404 my (Fig. 1). Concomit- 
antly @ synchronous increase is observed of the 
difference 580-520 my and of the band at 571 my 
(Fig. 2). These observations support the conclusion 
that ‘dh’ is a reduced peroxidase complex. ‘The 
spectrum of aerated roots gives no clear indication as 
to the existence of such a complex in an oxidized 
state. Against the existence of measurable quant- 
ities of an oxidized complex is the fact that the 
quantity of free peroxidase in aerated roots, calculated 
from the height of the 404-my band, tallies with 
calcul tions from the peroxidase-CN- band and 
from the bands of pyridine hemochromogen appear- 
ing after the addition of cyanide, or pyridine + 
dithionite, respectively (refs. 1,4c). The direct observ- 
ations at increasing suffocation, furthermore, clearly 
show the simultaneous disappearance of free peroxi- 
dase and formation of the ‘dh’-complex. 

The problem of the nature of the peroxidase 
acceptor is a difficult one, because the enzyme is 
apparently able to combine with a variety of sub- 
stances, which are known to occur in the root tissue, 
and which may serve as hypothetical acceptors, such 
as flavone derivatives, ascorbic acid, C,-acids, and so 
on. The following observations may be mentioned 
here. 

The aerated roots frequently show a pronounced 
elevation, or broad band, between about 530 and 
about 570 my, which may only partly be explained 
from a combination of 60-85 per cent oxidized and 
40-15 per cent reduced bands of the cytochromes 
¢, ¢,, and b (ef. ref. 11). This elevation or broad band 
slowly disappears on prolonged washing of the roots. 
It was shown several years ago that cut roots exude 
pigments with a spectrum very similar to that of 
certain flavone derivatives!*. The effect of removing 
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Fig. 2. Curve showing the synchronous disappearance of per- 

oxidase (+—-+), measured as the difference ¢ (580-520 mz), and 

the eppearance of the peroxidase-dh complex ( x — x), measured 

as the height of the band at 571 mu. The experimental conditions 
correspond to those in Fig. 1 
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Fig. 3. Links: difference spectrograms of a bundle of roots 18 mm, 
thick, enclosed in a 6-ml. quartz tube, provided with inlet and 
outlet. x—x, e (non-streaming oxygen-free water) minus « 
(aerated streaming water); +—-+, ¢ (non-streaming oxygen-free 
water) minus ¢ (streaming oxygen-free water). Peroxidase 404 mu 
reappears in the streaming oxygen-free medium, whereas the 
reduced band of cytochromes c + ¢, at 420 my remains unmoved. 
To the right: direct spectrum (cf. Fig. 1) of rootsin non-streaming 
oxygen-free water (x— x) and in streaming oxygen-free water 
+—+. The difference between them (=) shows the spectrum of 
the peroxidase-dh complex (see the text) 


the exudate from the roots is spectral changes of 
dh. 

The ‘dh’-complex appears only in non-streaming 
oxygen-free media. If the oxygen-free medium 
starts streaming, ‘dh’ disappears. An excellent spec- 
trum of ‘dh’ can thus be computed as the difference 
between non-streaming and streaming oxygen-free 
water (Fig. 3). The cytochromes hereby remain 
reduced. The possibility cannot be excluded, how- 
ever, that the streaming solution supplies minute 
quantities of oxygen sufficient for oxidation of ‘dh’. 
If roots are homogenized the pigments are recovered 
in the last supernatant. This has a yellow or light 
brown colour which deepens on prolonged exposure 
to oxygen. Dithionite decolourizes the red-brown 
fraction of the pigments, leaving bright yellow 
pigments, probably flavone derivatives together with 
certain quantities of carotene. The reddish pig- 
ments are precipitated from the supernatant by 
50 per cent ammonium sulphate. Which of these 
pigments act as peroxidase acceptor cannot yet be 
decided. 

That the acceptor substance is present in the 
supernatant from centrifugation of homogenized 
roots is shown by the fact that the combination of 
an oxygen-free peroxidase preparation with the 
oxygen-free supernatant shows spectral bands similar 
to those of ‘dh’. These bands disappear on reoxida- 
tion. Bands also appear in the absence of oxygen if a 
preparation of wheat peroxidase is combined with 
indole-3-acetic acid + ascorbic acid (bands at 390- 
400 and 560 my) or catechol (bands at 420, 543, and 
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568 my). An interesting effect, which was touched 
upon in a previous communication”, is exerted by 
fumarate (pH 3-6). The bands of ‘dh’ are 50-100 
per cent stronger in the presence of fumarate. 
Theoretically fumarate could act as a peroxidase 
acceptor. Because the development of ‘dh’ is posi- 
tively promoted by adenosine triphosphate* there 
is a possibility, however, that fumarate acts indirectly 
by ‘internal oxidation’ of cytochrome-b (cf. refs. 
4,5 and c). The ‘dh’-complex acts in the opposite 
direction from cytochrome-b : it is reduced in fumar- 
ate and disappears in urethane and partly in succin- 
ate, too, whereas cytochrome-b is oxidized in the 
presence of fumarate and reduced in the presence of 
urethane. This fact may possibly indicate a relation 
between the peroxidase complex and the cytochrome 
system ; but the situation is more complicated than 
that because the formation of the ‘dh’-complex is 
obviously exposed to competitive exchange reactions. 
Urethane may thus be presumed to shield the 
acceptor from the peroxidase enzyme. Similarly 
cyanide. rapidly removes the ‘dh’ acceptor and forms 
peroxidase-CN-. This is the reason why ‘dh’ disap- 
pears in the presence of cyanide both aerobically and 
anaerobically without leaving visible CN-bands other 
than those of peroxidase-CN-. Fluoride acts in a 
similar wey, but considerably more slowly, because 
the reaction between peroxidase and fluoride proceeds 
fairly slowly’ *. 

More experimental work is needed for elucidation 
of the mechanism which controls the activity of 
peroxidase in wheat roots. No direct observations 
support the idea that hydrogen peroxide co-operates 
as an oxidant. The relative velocity®* of reoxidation 
of the hzemin enzymes in the roots is dh > b >c >a 
+a, and the velocity of reduction is the reverse 
(ef. ref. 11). The ‘dh’ complex is thus operating in a 
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manner which is in full agreement with the assumption 
that the oxidation of ‘dh’ is mediated by the cyto- 
chrome system. On the other hand, the fact that 
‘dh’, formed in vitro from a peroxidase preparation 
and a mixture of root pigments (see above), is 
reoxidized in the absence of cytochromes points to a 
certain autoxidation. Because peroxidase is ex- 
tremely sensitive to cyanide!‘ the ‘dh’ complex cannot 
co-operate in the ‘basal respiration’, in which 
cytochrome b is probably acting as an auxiliary 
oxidase”. From a kinetical point of view peroxidase 
is probably a slow-acting oxidant. The first step 
of its activity is obviously the formation of the 
acceptor complex ‘dh’. This formation, however, 
proceeds fairly slowly and thus controls the process. 
The second step, the oxidation of ‘dh’ and the libera- 
tion of peroxidase, proceeds rapidly. As @ conse- 
quence very little is seen of the peroxidase—‘dh’ 
complex in aerated roots. According to the scheme 
outlined here the formation of a peroxidase complex 
is an intermediate step in the oxidation of the 
acceptor and not a complex enzyme, as claimed by 
others’:*. This question needs further elucidation, 
however. 
1 Lundegardh, H., Physiologia Plantarum, 8, 84 (1956). 
® Keilin, D., and Hartree, E. F., Biochem. J., 49, 88 (1951). 
* Sumner and Myrbick, “The Enzymes”, 2, chap. 56 (New York, 1951). 
* Lundegardh, H., Ark. f. Kemi, (a) 3, 69, 469 (1951) ; (b) 5, 97 (1953) : 
(ec) 7, 451 (1954). 
> Lundegirdh, H., Planta, 29, 419 (1939). 
* Kenten, R. H., and Mann, P. J. G., Biochem. J., 65, 179 (1957). 
“f mas ae and Thimann, K. V., Arch. Biochem. Biophys., 64, 193 
® Stutz, R. E., Plant Physiology, $2, 31 (1957). 
* Lundeg&rdh, H., (a) Nature, 178, 939 (1954); (b) Physiologia 
Plantarum, 8, 95 (1955); (c) 8, 142 (1955). 
*° Unpublished observations. Cf. Martin, E. M., and Morton, R. K.., 
Biochem. J., 65, 404 (1957). 
1 Lundegardh, H., Acta Chem. Scand., 10, 1083 (1956). 
1. Lundegardh, H., and Stenlid, G., Ark. f. Bot., A, 31, No. 10 (1944). 


SPECTROPHOTOMETRIC, LIGHT SCATTERING, AND TITRATION 


STUDIES UPON THE 


INTERACTION OF POLYADENYLIC AND 


POLYURIDYLIC ACIDS 
By Dr. ROLAND F. BEERS, sun. 


Robert W. Johnson Laboratory of the Bowles Research Fund, Children’s Hospital School, Inc., Baltimore | | 


AND 


Dr. ROBERT F. STEINER 


Naval Medical Research Institute, National Naval Medical Center, Bethesda | 4 


N a previous paper we reported the presence in 

polyadenylic acid of a hydrogen ion binding 
group with a pK in the vicinity of pH 6-0, which we 
identified as the 6-amino group of adenine’. In the 
present communication we include some of our pre- 
liminary findings as to the role of this group in the 
interaction between polyadenylic acid and poly- 
uridylic acid described by Warner*® and by Felsenfeld 
et al.’. 

Polyadenylic and polyuridylic acids were prepared 
as described previously, with particular care being 
taken to remove all traces of protein‘. Two different 
preparations of polyadenylic acid of molecular weights 





5-7 x 10° and 1-5 x 10° and two different prepara- 
tions of polyuridylic acid of molecular weights 
5-3 x 105 and 2:1 x 10* were employed. 

The reaction between the two polymers was followed 
spectrophotometrically by observing the drop in 
optical density at } = 259 my over the mean optical 
density for the non-associated species. At pH 7 
in 0-1 AM potassium chloride and 0-05 M phosphate 
the optical density decreases linearly with mole 
fraction of uridylic acid, reaching a minimum at an 
adenylic : uridylic mole ratio of 2: 1, and thenceforth 
increases linearly, the maximum drop in optical 
density being about 40 per cent. 
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Table 1. 





LIGHT-SCATTERING RESULTS FOR POLYADENYLIC simian ga Acip (Poty A—PoLy U) INTERACTION IN 0-5 M PoTassIuM 
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HLORIDE* 
Solution | Concentration | Treatment Myt x 10° < 19° >t | Time 
Poly A [Xm | 0-120 | 0-568 258 A. 
Poly U Ie 0-158 0-530 472 
Poly U Ila 0-103 2°13 648 
| Poly A LX’p | 0-095 2 per cent HCHO for 48 hr. at 25° C. 0-866 299 
A IXm-U le Ca = 0-060 Equal volumes of A [Xm and U Ie mixed 3°49 709 200 sec. 
Co = 0-079 (t = 0) 
3°57 1020 3,000 sec. 
Ca = 0-048 To above was added additional U Ie at | 6-93 1330 300 sec, 
Cu = 0°095 t = 4,200 | 
6°47 1710 24 hr. 
Ca = — pH of above adjusted to 10-3 0-763 660 200 sec. 
Cu = 0-095 
Ca = 0-048 pH readjusted to 8-0 } 2-77 930 2,000 sec. 
Cu = 0:095 
1 [X’p-U Ila Ca = 0-057 A IX’p and U Ila mixed | 1-28 1,800 sec. 
Cu = 0-044 | 
| 




















“* The pH is 7-6 unless otherwise specified. 
+ Weight average molecular weight. 
t Radius of gyration. 


Light-scattering has been employed tc follow the 
interaction between polyadenylic acid and poly- 
uridylic acid at neutral pH. In 0-5 M potassium 
chloride at pH 7 the change in optical density reaches 
completion within the period of mixing. The molecu- 
lar weight also reaches a value close to its final one 
very rapidly. However, a slow change in molecular 
configuration without an important further change 
in molecular weight appears to proceed for a much 
longer period, as Table 1 shows. This corresponds 
to an increase in radius of gyration, and probably 
reflects a rearrangement of the initial imperfect 
configuration to form a more regular doubly or triply 
stranded structure, in which ‘loops’, etc., have been 
eliminated. 
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Fig. 1. Fall in optical density at 4 = 259 mu with time for poly- 

adenylic acid IX (molecular weight 5-7 x 10°) and polyuridytic 

acid I (molecular weight 5-3 x 10°) in an adenylic: uridylic mole 

ratio of 1:2 at several pH’s. All measurements are in 0-03 M 
NaOAc, 

4,pH 6:5; 0,pH 6-1; x, pH 5°8; O, pH 5°65; A, pH 6°5; 

0-002 M Mg++; @, pH 5-65, 0-002 M Mgt* 





The rate of reaction, as followed spectrophoto- 
metrically, falls off very rapidly in the region of 
titration of the 6-amino group of adenine in poly- 
adenylic acid, as Fig. 1 shows. This effect is sup- 
pressed by addition of magnesium ions, which likewise 
suppresses titration of this group in the pH region 5—6'. 

Direct evidence for the involvement of the 6-amino 
group of adenine has been obtained by treating poly- 
adenylic acid with formaldehyde under the conditions 
described in the previous paper!. In the present 
instance the 6-amino group is selectively blocked. 
Polyadenylic acid thus treated gave no evidence of 
any interaction with polyuridylic acid, both the 
extinction coefficient at 1 = 259 my and the weight 
average molecular weight of equimolar mixtures of 
the two corresponding closely to the mean values for 
the two components, as Tables 1 and 2 show. 








Table 2. SPECTROPHOTOMETRIO RESULTS FOR MIXING OF POLY- 
URIDYLIC ACID AND FORMALDEHYDE-TREATED POLYADENYLIO ACID* 
Optical 
Solution Treatment Aa density 
Poly A IX’q 2 per cent HCHO for 48 hr. 0-424 
at 25° C. 
Poly A IXr Native poly A 259 0:379 
Poly U Ile Native poly U 259 0-381 
A IXr-U Ile Equal vols. mixed 259 0-273 
A IX’q-U Ile Equal vols. mixed 259 0-408 




















*In 0-1 M potassium chloride, 0-001 M NaOAc, pH 7-0. 


Further evidence for the involvement of the adenine 
6-amino group has been obtained from titration and 
spectrophotometric data for the complex. The 
addition of increasing amounts of polyuridylic acid 
results in a suppression of H+ binding by polyadenylic 
acid in the pH region 5-6 and a displacement of the 
region of maximum binding to lower pH’s (Fig. 2). 
This effect reaches its limiting extent at a mole ratio 
of uridylic : adenylic of 2: 1. 

The extinction coefficient of equimolar mixtures of 
the two acids is, in contrast to that of polyadenylic 
acid alone, constant between pH’s 5 and 9 in 0-1 M 
potassium chloride. Below pH 5 a rapid rise in 
extinction coefficient with decreasing pH occurs, 
approaching as a limit the mean for the non-associated 
mixture, as Fig. 2 shows. 

We interpret the above results as indicating a 
lowering of the effective pK of the adenine amino- 
group as a result of its involvement in an intermo!scu- 
lar linkage with uridine. Binding of a hydrogex ion 
appears to be accompanied by a dissociation <* the 
complex. 
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Fig. 2. Spectrophotometric and titration data for polyadenylic 
acid (molecular weight 1-5 x 10°) and polyuridylic acid (mole- 
cular weight 2-1 x 10*) in 0-1 M potassium chloride, and 23° C. 
In all cases the components were mixed at pH 7-5 and allowed 
to stand for 1 hr. before altering the pH. The left ordinate is 
the number of protons released per monomer unit. The right 
ordinate is the ratio of optical density at the given pH to that 


at pH 7. 

x, Relative optical density for polyadenylic acid alone; O, 
relative optical density for polyuridylic acid alone; @, relative 
optical density for 1 : 1 mole ratio of adenylic : uridylic. 
Curve 1, titration data for polyadenylic acid alone; Curve 2, 
uridylic : adenylic = 0-33; Curve 8, uridylic : adenylic = 0-56 ; 
Curve 4, uridylic: adenylic = 1-11; Curve 5, uridylic: adeny- 
lic= 2-88; Curve 6, polyuridylic acid alone 


Polyuridylic acid, like its monomer, possesses a 
pK in the vicinity of pH 9-5. Dissociation of a 
hydrogen ion is accompanied by a decrease in extinc- 
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tion coefficient at A = 259 mu (Fig. 2). The equimolar 
complex with polyadenylic acid shows a sharp rise in 
extinction coefficient beginning at about pH 10. At 
higher pH’s the extinction approaches the mean for 
the two components. The change is reversible if 
reneutralization is carried out within five minutes. 
Thus, loss of a hydrogen ion from the pyrimidine base 
of uridine appears to result in dissociation of the 
complex. 

A direct confirmation of the latter conclusion has 
been obtained by light scattering (Table 1). Upon 
adjusting the pH of a solution of the complex from 
neutrality to 10-3, a very pronounced drop in molecu- 
lar weight occurs. Upon reneutralization after a 
short interval at pH 10-3, most of the drop in 
molecular weight was recovered. 

It appears probable that either the 6- or the 2-car- 
bonyl group, or both, of uracil can exist in an enol 
form, and loses a proton in the vicinity of pH 10. 
As the source of the latter is the 1-nitrogen, the 
capacity of this group to serve as a proton donor for 
a hydrogen bond, as postulated by Felsenfeld e¢ al.’, 
would thereby be eliminated. 

It is desirable to point out that the preceding 
results refer explicitly to polyadenylic acid and 
polyuridylic acid of quite high degrees of polymer- 
ization. Further work will be necessary to ascertain 
the lower limits of molecular weights for which the 
preceding observations are applicable. For these 
preparations in any event the linear variation of 
E39 With adenylic : uridylic mole ratio would 
appear to make any abrupt transition from a doubly 
to a triply stranded structure unlikely. It appears to 
be entirely possible that it is the triply stranded 
structure which is formed at all adenylic : uridylic 
ratios under these conditions. 

This research was supperted in part by the Louise C. 
Bowles Research Fund, by U.S. Public Health Grant 
C-3293, and by a grant from Miles Laboratories, Inc. 


* Beers, jun., R. F., and Steiner, R. F., Nature, 179, 1076 (1957). 

* Warner, R. C., Fed. Proc., 15, 379 (1956); 16, 266 (1957). 

5’ Felsenfeld, G., Davies, D. R., and Rich, A., J. Amer. Chem. Soe., 79, 
2023 (1957). 

* Beers, jun., R. F., Biochem. J., 66, 686 (1957). 


INDUCED POLYPLOIDY IN EGYPTIAN AND INDIAN CLOVERS 


By S. M. SIKKA, M. S. SWAMINATHAN and R. K. MEHTA 


Indian Agricultural Research Institute, New Delhi 


GYPTIAN clover or berseem (TZ'rifolium alexan- 

drinum L.) and Indian clover or senji (Melilotus 
indica All.) are the important fodder plants of north 
India «ander irrigated and rain-fed conditions re- 
spectively. Both are cross-pollinated and have the 
somatic chromosome number 16. Four different 
strains of berseem and two of senji were treated with 
colchicine in 1954 and plants with 2n = 32 were thus 
obtained. The techniques which gave the highest 
percentage of tetraploids in berseem and _ senji 
were the immersion of shoots of one-week-old seed- 
lings in 0-1 per cent colchicine for 8 hr. and the 
immersion of ;whole seedlings of a similar age in 
0-05 per cent colchicine for 4-8 hr. respectively. 
The treatments were carried out at room temperature 


(75-80° F.). The tetraploid plants showed all the 
characteristic features usually associated with chromo- 
some doubling such as increase in size of cells, 
stomata, pollen and seed, and reduction in pollen and 
seed fertility. Seeds were gollected from the tetraploid 
plants in April 1955, and two subsequent generations 
were raised during the winter seasons of 1955 and 
1956. The following is a summary of the observations 
made in them. 

Berseem. The tetraploids were consistently super- 
ior to the diploids in growth and yield (Fig. 1). In 
randomized row trials, the tetraploids gave 2-3 
times more yield of green fodder per cutting than the 
corresponding diploids. The average percentage dry 
matter content in the fodder was 25-71 in the diploids 
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CELL SIZE IN DIPLOIDS AND TETRAPLOIDS OF BERSEEM AND SENJI 
























Average size of epidermal cells in microns from 
Species Somatic Stem Petioles Leaves 

| chromosome No, 

Length Width Length Width Length Width 
|. alezandrinum 16 19:33 18-45 17-94 18-11 29-98 19-32 
| 32 26-91 17-60 30 -02 19-32 43-47 4°84 
M. indica 16 25-19 16°91 25-88 23-12 46-23 21°39 
| 32 34°16 20-01 37-26 29-88 56-93 31-05 























and 17-57 in the tetraploids. There was, however, a 
wide variation among the tetraploids in dry matter 
content and several tetraploid plants with 25-27 per 
cent dry matter also occurred. Nodule and root 
development was found to be better in the tetra- 
ploids. Chemical analysis showed that the diploids 
and tetraploids did not differ in the content of 
nitrogen and phosphorus per unit weight of 
fodder. Lime content was, on the other hand, 
much higher in the tetraploids, the average value 
being 3-06 per cent as against 1-54 per cent in the 
diploid. The study of meiosis in microsporocytes 
showed that a maximum of 6 quadrivalents per cell 
occurred at diakinesis and metaphase I in tetra- 
ploids, the mean frequency being 2-8 per cell. At 
metaphase II, 39 per cent of the gametes had un- 
balanced chromosome numbers. Seed setting as 
measured by the number of seeds per inflorescence 
was 17-8-55-7 per cent of that found in the diploids. 
The tetraploids had, however, nearly twice as many 
inflorescences per plant as the diploids; thus, some 
tetraploid plants produced more seeds per plant than 
the diploids. Among the seeds obtained from 
tetraploid inflorescences some were small in size. 
These were also very hard and did not germinate 
when sown either in Petri dishes or in the soil. 
Chromosome numbers were determined in 421 C, 
and 1120 C, plants in oxyquinoline-orcein root tip 
squashes'?. The number was found to be 32 in most 
and 24 in a few. In controlled pollinations, it was 
found that tetraploids and diploids were cross- 
compatible and this would account for the occurrence 





Fig. 1. Eight weeks old seedlings of diploid and tetraploid berseem 


of triploids. Since all tetraploid plants had 2n = 32, 
there obviously exists some mechanism for the elimin- 
ation of aneuploid gametes and zygotes. It is possible 
that the small, inviable seeds found in tetraploids 
have aneuploid embryos. 

Senjit. The tetraploid plants were compact and 
uniformly slow in growth. The yield of fodder was 
low owing to poor tillering and vigour. The tetra- 
ploids were further found to be preferentially disposed 
to the attack of aphids and downy mildew. There was 
a mean quadrivalent frequency of 3 per cell at 
diakinesis, and seed-setting ranged from 25-2 to 
45-5 per cent of that found in diploids. The tetra- 
ploids and diploids were found to be capable of 
crossing with each other. 

From the results so far obtained, the outlook for 
evolving tetraploid strains of berseem, superior in 
yield to the existing diploid varieties, is hopeful. 
The improvement of seed fertility and the selection of 
cultures with a good fodder yield as well as a high 
percentage dry-matter content would be the chief 
problems requiring attention in future generations. 
In red clover (Trifolium pratense), Julen? has stated 
that no tetraploid strain has yet been released to the 
market in spite of the pronounced superiority of the 
tetraploids over diploids in vegetative growth, 
because of the-low seed-setting ability of the tetra- 
ploid. In berseem the tetraploids fortunately show 
an increase in the number of inflorescences per plant 
and also a low coefficient of realization of multivalents. 
The ability to cross with each other would, however, 
necessitate the growing of diploid and tetraploid 
strains in isolation. 

Berseem being an important fodder crop in many 
sub-tropical regions, the results of the present study 
may be of interest to several individuals and institu- 
tions and we would be glad to supply small quantities 
of tetraploid seeds to interested workers. 

The reasons for the differential growth pattern 
observed in tetraploids of berseem and senji are not 
clear. Among the many factors known to condition 
individual crop response to chromosome doubling, 
berseem and senji differ prominently only in cell size 
(Table 1). From the results in Table 1, it is clear 
that diploid senji has nearly the same cell size as 
tetraploid berseem. An examination of the available 
strains of senji for cell size did not reveal any signifi- 
cant intra-specific variability with reference to this 
character. These results would, thus, support 
Schwanitz’s* view that once a species has attained an 
optimum cell volume, any increase in it would only 
lead to a depression in growth. 

We are grateful to Dr. B. P. Pal for his interest and 
encouragement and to Dr. N. B. Das for carrying out 
the chemical analysis. 


1Tjio, J. H., and Levan, A., An. Est. Aula Dei, 2, 21 (1950). 

2 Julen, G., Proc. 7th Int. Grassland Congress, New Zealand, p. 1-8 
(1956). 

* Schwanitz, F., Ziichter, 21, 65 (1951). 





34 NATURE 


LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Effective: Magnetic Meridian for Cosmic Rays 

ReEcEnT latitude surveys of cosmic-ray intensity 
made with neutron intensity monitors appear to 
confirm an earlier suspicion that the dipole approxi- 
mation to the Earth’s magnetic field fails to account 
accurately for the observed distribution of cosmic 
rays over the Earth’s surface’-*. This has been 
revealed as a result of the much greater latitude 
variation observed with these instruments compared 
with charged-particle detectors. The Lemaitre- 
Vallarta theory of the geomagnetic effect predicts a 
minimum in the cosmic-ray intensity coincident with 
the geomagnetic equator. Simpson ef al.* have 
collected the available observations of the equatorial 
minimum and conclude that the ‘cosmic ray equator’ 
fits more accurately the equator of a dipole rotated 
about the Earth’s axis 40°-45° to the west of the 
‘best fit’ dipole. Rothwell and Quenby*, on the other 
hand, find the magnetic dip equator fits adequately, 
and suggest that the Earth’s real field rather than 
the dipole approximation accounts for the observed 
distribution. 

New evidence can be obtained from a determination 
of the ‘cosmic-ray meridian’ or line on the Earth’s 
surface along which the rate of change of cosmic-ray 
intensity is greatest. Depending on which theory 
proves most acceptable, this might be expected to 
coincide with the geomagnetic meridian, the meridian 
of Simpson's rotated dipole, or with the magnetic 
declination. A determination of the cosmic-ray 
meridian through Melbourne has been carried out at 
the University of Tasmania using a monitor counting 
the disintegration-product neutrons from the local 
production of stars in lead. The monitor uses two 
counters and follows closely the design proposed by 
Simpson. It was installed in a Lincoln bomber 
provided for the work by the Royal Australian Air 
Force. 

The cosmic-ray meridian was determined by flying 
the aircraft in a triangular circuit with a vertex at 
Melbourne (lat. 38° S., long. 145° E., geomagnetic 
lat. 47° 8.) and the base to the north. The aircraft 
flew at a pressure altitude of 20,000 ft. and completed 
the circuit twice on June 4, 1957. 

If 6 is the bearing of the cosmic-ray meridian and 
r the rate of change of intensity along the meridian 
then 0 and r are related to 6, and r,, the bearing of 
the first leg of the flight and rate of change along the 
leg respectively, by the equation: 7,=r cos(0—8,). 

From the six legs, six independent equations in the 
two unknowns r and § were obtained. The method 
of least squares gave the following best values for 
r and 6: r=2-4+0-2 per cenit deg.-! latitude ; 
6=10°+.4°, east of north. The errors are standard 
errors. 

This value of 0 can be compared 
with the following magnetic data for 
Melbourne: magnetic declination, 10° 
east of north; geomagnetic meridian, 
9-5° east of north; meridian of 
dipole rotated 45° to west, 14-5° 
east of north. 

It is clearly not possible to choose 
between the magnetic declination 
and the geomagnetic meridian ; but 
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the experiment suggests the rotated dipole theory 
may be wrong. It is unfortunate that nowhere 
in Australia does the difference between the declina- 
tion and the geomagnetic meridian exceed 2°, and it 
will be necessary to repeat the experiment elsewhere 
in order to distinguish between the rival theories. 
In order to obtain a -sufficient rate of change of 
intensity with latitude, observations should be made 
between geomagnetic latitudes 30° and 50° north or 
south. Within these bands suitable localities can be 
found in the northern hemisphere over the Mediter- 
ranean, while Cape Town seems promising in the 
southern hemisphere. Even more suitable, but rather 
inaccessible, is the region to the west of the south 
tip of South America, represented by the point 
(90° W., 50° S.) in Table 1, which compares the merits 
of selected localities. 

The experiment described here seems capable of 
providing new evidence on the influence of the 
Earth’s magnetic field on cosmic rays, and although 
it cannot be fruitfully pursued in Australia there is 
every reason to expect valuable results if it is 
performed in more suitable localities. 

J. R. SToREY 
A. G. FENTON 
Kk. G. McCracken 
Physics Department, 
University of Tasmania, 
Hobart, Tasmania. 
' Rose, D. C., Fenton, K. B., Katzman, J., and Simpson, J. A., Canad. 
J. Phys., 84, 963 (1956). 
* Simpson, J. A., Fenton, K. B., Katzman, J., and Rose, D. C., Phys. 
Rev., 102, 1648 (1956). 
* Rothwell, P., and Quenby, J., Proceedings of the Varenna Con- 
ference, June 1957. 


Single-Hop Propagation of Radio Waves 
to a Distance of 5,300 km. 


Ir has been established that radio waves can be 
propagated between Ottawa in Canada and Slough in 
England by a single ionospheric reflexion. The 
one-hop mode of propagation is seen on the accom- 
panying ionogram (Fig. 1) at frequencies between 
27 and 33 Mc./s. This ionogram was recorded at 
1800 G.M.T., September 11, 1957. The low-angle 
part of the one-hop mode is intercepted by the Earth. 
The high-angle portion is associated with reflexion 
at apparent heights of 600 to more than 900 km. 
The other traces correspond to two- and three-hop 


propagation, 


20 26 32 
Frequency (Mc./s.) 


Fig. 1 
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The identity of the second- and third-hop modes 
was established by computing the vertical incidence 
h’f curves from the oblique incidence record, a 
process which involves making a tentative identifica- 
tion of the modes of propagation indicated by the 
oblique record. If these identifications are correct, 
the vertical incidence h’f curves from the different 
traces will be congruent ; otherwise not. 

The possibilities which remain for the mode 
between 27 and 33 Mc./s. are one-hop, M- and N-type 
propagation paths. The M- and N-type paths 
involve a reflexion from the # layer. Because of the 
curvature of the Earth, the greatest angle of inci- 
dence a radio wave can make with the FH layer is 
81 degrees. The maximum critical frequency for the 
E layer at these latitudes on September 11 was 
4:0 Me./s. As a result, the maximum frequency 
that could have been reflected from the H layer was 
25-6 Mce./s. The possibility of the M- and N-type 
paths is therefore eliminated. Further, the vertical 
incidence curve computed from the one-hop is 
continuous with that from the second- and third-hop 
modes. 

Although one-hop propagation over this distance 
was known to be a possibility, it was thought to be 
unlikely, and the greatest distance for one-hop 
propagation was set, for prediction purposes, at 
4,000 km. Since the records obtained to date 
indicate that the one-hop mode occurs with the same 
reliability as the two- and three-hop modes at times 
between about 1200 and 2020 G.M.T., a revision of 
the prediction method for long circuits may have to 
be considered. 

Because predictions at present are made on the 
assumption of at least two hops for these distances, 
the frequencies for which regular reflexion from the 
ionosphere occurs are considerably greater than those 
anticipated. The maximum usable frequencies run 
almost daily above 49 Mc./s. at the present time. 
The mutual interference problem can become serious 
for users of scatter and other very-high-frequency 
circuits on frequencies less than 50 Mc./s. 

This investigation of propagation modes was made 
possible by the efforts of the other members of the 
Applied Propagation Section of the Defence Research 
Telecommunications Establishment, Canada. 

E. WARREN 
E. L. Haae 
Defence Research Telecommunications 
Establishment, 
Shirley Bay, Ottawa. 
Nov. 25. 
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lonospheric Drift in the F2 Region near 
the Magnetic Equator 


Ir has been suggested recently! that the drift of 
ionization in the #2 region of the ionosphere, known 
to exist from measurements made at middle latitudes’, 
is caused directly by the electric field associated with 
the S system of currents in the ‘dynamo’ region of 
the atmosphere. The presence of these currents was 
originally invoked to explain the daily variations in 
the geomagnetic elements ; recent ionospheric analy- 
sis** and direct experiments using rockets have shown 
that this dynamo region corresponds in height with 
the ionospheric E region. According to Martyn, 
magnetic lines of force linking the F and F' regions 
represent directions of high electric conductivity and 
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can be considered as equipotentials. Thus a hori- 
zontal north-south electric field in the # region can 
give rise to a vertical component of electric field in 
the #2 region which is greatest at the magnetic 
equator, where it may exceed by several times the 
horizontal H region field. If this field exists it must 
give rise to a horizontal drift of ionization in the F 
region in an east-west direction. Martyn® has 
proposed on theoretical grounds that, except in the 
immediate vicinity of the magnetic equator, the 
eastward drift velocity resulting from the diurnal 
potential in the dynamo region should be given 
approximately by 


v = [27 sin6(1 — 3 cos?0)cos¢]/H m./sec. 


where § is the geomagnetic co-latitude of the point 
in the F region, 9 is longitude measured positively 
eastward from the midnight meridian and H is the 
vertical geomagnetic field component. This equation 
predicts for high and middle latitudes a drift toward 
the east by day and to the west by night, which is 
in agreement with observations. At geomagnetic 
latitudes less than 35°, however, a phase reversal of 
this drift should take place, and near the magnetic 
equator the westward drift by day should reach large 
values of the order of 200 m./sec. 

Results are now available from over a period of 
years to test these predictions. Drifts in the F2 
region of the ionosphere have been measured in 
Singapore (geographic lat. 1-4° N., long. 103-7° E.), 
10-0° south of the magnetic equator, over the period 
September 1953-August 1956. The method used 
was that originated by Mitra® using a pulse trans- 
mitter and three receiving aerials, the latter being 
spaced roughly a wave-length apart along two 
directions. Records of the variation of the three 
signal amplitudes in time were obtained on film 
moving across a display tube at a speed of 10 cm./min. 
These records were analysed by the method of iden- 
tifying similarities in the fading patterns? and, 
providing that the fading was of a suitable irregular 
type, mean time displacements of the signals relative 
to one another were interpreted as revealing a 
constant drift of irregular patches of ionization in 
the F' region, at or near the height of reflexion of the 
pulsed signal. A frequency in the range 5-5—6-5 Mce./s. 
was used according to conditions: records taken 
when a sporadic EH echo was present on the same 
frequency are not included in the present analysis. 
Measurements were made mostly on three selected 
days each month over the three-year period, and 
during this time some 1,000 film records were 
obtained of average duration ten minutes each. 
Extreme difficulty was experienced in obtaining 
results. during the midday period from about 10 to 
14 hr. local mean time (105° E.) owing to inade- 
quate transmitter power (300 watts peak) and to 
high absorption in the lower regions of the ionosphere. 
Of these records only 172 showed irregular fading of 
a suitable rate ranging from 5 to 25 maxima per 
minute: many were rejected for showing a very 
slow fading-rate, indicating uniform horizontal 
conditions in the ionosphere. The useful ones were 
reasonably well distributed throughout the year as 
shown in Table 1, but the number of results in each 
seasonal grouping itself is insufficient to permit a 
search for seasonal variations. Consequently the 
mean annual diurnal variation of drift was examined 
by grouping the results in hour intervals, centred 
upon each hour of local mean time. The resultant 
of each group of drift vectors was found by vector 
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Fig. 1. Diurnal variation: (a) east-west drift; (b) north-south 
drift. OQ—, Experimental results, 3-hr. smoothed values ; 
---~-,3-term harmonic approximation (see text) 

addition and the mean diurnal variations were 


plotted of the drift magnitude and direction, and of 
the east-west and north-south components, following 
the convention that drifts toward the east and the 
north are considered positive. The latter two curves 
were then smoothed by taking a 3-hr. running mean, 
the value at hour ¢ being averaged with those at 
t—1landt+ 1. This process removes short-period 
variations and makes the longer-period trends more 
obvious. 


Table 1. SEASONAL DISTRIBUTION OF DATA 
Winter solstice (Nov., Dec., Jan., Feb.) 44 
Summer solstice (May, June, July, Aug.) 61 


Equinoxes (Mar., Apr., Sept., Oct.) 67 


The resulting diurnal variations of the easterly and 
the northerly components are shown in Fig. 1. The 
east—west component shows a predominant 24-hr. 
period, with drifts of up to about 90 m./sec. directed 
toward the east during the night-time period of 
20-06 hr. (ground local mean time) and a smaller 
drift to the west during daylight hours and up to 
about an hour after ground sunset. A tendency for 
the westward drift to be reversed for a short period 
of 12-14 hr. is shown, although great reliance cannot 
be placed on this finding due to the shortage of data 
during this part of the day. Harmonic analysis of 
the data in terms of 24-, 12- and 8-hr. components 
yields the following representation : 

r(E — W) = 18 + 45 sin S(t + 5-6) + 
T 
4 


with ¢ in hours (g = 15¢°). The dominant periodicity 
is thus in phase with the dynamo S field within a few 
degrees. 

The north-south component is much smaller at all 
times than its east-west counterpart and its daily 
trend is less well defined. The results for the part 
of the day containing the most reliable data, from 
about 14 hr. through midnight to 10 hr., shows no 
marked trend except for a tendency for northward 
drifts at night and southward ones by day, each of 


22 sin aC + 2-5) + 10sin *(¢ + 4-1) m./sec. 
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the order of only 20 m./sec. This is confirmed by the 
harmonic analysis of the results which yields : 


v(N —S) = —7 + 23sin F(t + 6-9) + 


12 sin alt + 9-9) + 8sin ile + 2-7) m./sec. 


The results strongly suggest that, subject to 
statistical uncertainties, the drift of ionization in the 
F2 region at Singapore is predominantly in an east- 
west direction with consistent easterly drifts during 
the night of up to about 90 m./sec. and less consistent 
westerly drifts during the day of up to about 30 m./ 
sec. These movements are in clear phase opposition 
to those determined at higher latitudes* and provide 
a confirmation, at least in qualitative terms, of the 
predictions of Martyn’ concerning the electromagnetic 
coupling between the H and F regions of the iono- 
sphere. 

Fuller details of this work will be published else- 
where. I am indebted to Mr. B. W. Osborne for some 
of the earlier observations and to Dr. Thong Saw Pak 
for assistance in maintaining a continuous period of 
observation. 

B. W. PursLow 

Physics Department, 

University of Malaya, 

Singapore 10. 
Aug. 22. 

* Martyn, D. F., Report on the Physics of the Ionosphere, 165 (Physica) 
Society, London, 1955). 

* Briggs, B. H., and Spencer, M., “Rep. Progr. Phys.’, 
(Physical Society, London, 1954). 

*Appleton, E. V., et al., Nature, 176, 897 (1955). 

* Beynon, W. J. G., and Brown, G. M., Nature, 177, 583 (1958). 

* Martyn, D. F., Report on the Physics of the Ionosphere, 164 (Physical 
Society, London, 1955). 

* Mitra, S. N., Proc. Inst. Klect. Eng., Pt. 3, 98, 441 (1949). 

" Ratcliffe, J. A., J. Atmos. Terr. Phys., 5, 173 (1954). 
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A New Spectral Characteristic in Solar 
Radio Emission 


THE intense radio emissions from active areas on 
the Sun have been studied since 1942 on ‘single’ 
fixed frequencies ; but the first ‘spectral’ or sweep 
frequency observations were not initiated until 1949, 
when Wild and McCready! at Sydney commenced 
observations with equipment sweeping the band 
70-130 Mc./s. These observations, which were later? 
extended to 40-240 Mc./s., marked a notable advance 
in solar radio techniques, and greatly simplified the 
classification of solar radio phenomena. 

The purpose of this communication is to describe 
briefly a new sweep-frequency experiment, brought 
into operation at the beginning of September 1956 at 
the Harvard Radio Astronomy Station, and to 
discuss a new type of solar burst which has recently 
been observed. 

The equipment covers the band 100-580 Mc./s. Its 
antenna comprises & 8-55 m. (28 ft.) diameter para- 
boloid, equatorially mounted, with three broad-band 
primary arrays coaxially mounted at its focus; the 
collecting area is 41 sq. m. at 100 Mc./s. and 45 sq. m. 
at 500 Mc./s. The primary arrays are individually 
connected to three sweep-frequency receivers covering 
the bands 100-180, 170-330 and 300-580 Mc./s. The 
receiver noise figures are respectively 6, 7 and 8 db., 
their bandwidths 0-3, 0-5 and 1-0 Me./s., and each 
sweeps its respective octave band three times per 
second. The receiver outputs are displayed on three 
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intensity-modulated cathode-ray tubes of high resolv- 
ing power, and are photographed by a continuous- 
motion 35 mm. camera in which the film moves at 
approximately 12 mm. per min: Time marks are 
inserted on the film every minute, and the absolute 
timing is accurate to +1 sec. The antenna tracks 
the Sun automatically, and the equipment records 
the solar emissions daily from sunrise to sunset*. 

The films record the intensity of the solar radio 
emissions as a function of frequency and time. It is 
possible to interpret the frequency co-ordinate in 
terms of height in the solar atmosphere, if the 
assumption is made that, for the band 100-580 Mc./s., 
the radio emission from the Sun at a given frequency 
originates near a level in the solar atmosphere where 
the plasma frequency corresponds to that of the 
emitting frequency. At the present maximum of the 
solar cycle the frequency band 100-580 Mc./s. is thus 
transformed to a height-range of approximately 
500-50 thousand km. above the photosphere. How- 
ever, it must be remarked that above an active area 
the exact heights which are to be assigned to given 
plasma frequencies are at present uncertain. 

Analysis of the records so far obtained reveals the 
common phenomena of noise storms caused by 
localized disturbances in the solar corona above sun- 
spot areas: the isolated fast bursts at present attri- 
buted to disturbances moving outward through the 
solar atmosphere with velocities of the order of 
30,000 km./sec.; and slow bursts, at present attri- 
buted to disturbances moving with velocities of the 
order of 1,000 km./sec. The radio data recorded 
during the past twelve months at Fort Davis have 
been correlated with the occurrence of flares, sprays, 
and other optical phenomena on the solar disk as 
recorded at the Sacramento Peak Observatory. It 
has been found, for example, that the fast bursts, 
which were previously unassigned to any optical 
phenomena, are quite commonly associated in time 
with minor flares. Detailed results of this comparison 
will be published elsewhere‘. 

Fig. 1 shows a remarkable new type of burst, which 
appears on the records in the form of an inverted U. 
The essential characteristics define it as a fast burst, 
and it is typical of 43 such bursts which were recorded 
during the first 12 months observations. This 
particular example covers a period of 8 seconds, its 
turning frequency is 130 Mc./s. and it shows a 
noticeable broadening on the return path. Of the 
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remaining 42 U bursts, 32 had turning points between 
100-150 Mc./s., 6 between 150-250 Mc./s., and 4 
between 250-580 Mce./s. The duration of all the 
bursts was between 3 and 10 sec. Broadening on the 
return path is rare, and may be caused by dispersion 
in the velocity components of some fast travelling 
disturbance which gives rise to the bursts. 

The occurrence of the U bursts has been correlated 
in time with flares on the solar disk. The radio 
observations covered 95 per cent of the possible 
observing time, with one photographic record taken 
every } sec., whereas the optical observations covered 
approximately 50 per cent of the possible observing 
time, with photographic exposures in H, light made 
on the average once every 2-5 min. Of the 28 U 
bursts that were recorded during periods of optical 
observations, 19 coincided with class 1 and 1 — flares, 
2 with class 2 flares, and 1 with a class 3+ flare; in 
75 per cent of these cases the U bursts occurred not 
more than 5 min. after the commencement of the 
flare and within 3 min. of its maximum phase. Six 
of the bursts had no apparent optical counterparts. 

In considering the origin of the fast U bursts it is 
useful first to examine the possible mechanisms which 
may give rise to the ordinary fast bursts. Wild, 
Roberts and Murray® have attributed the latter to the 
motion of a corpuscular stream outward through the 
corona at a velocity of 30-100 thousand km. /sec. (0-1-— 
0:3.c). They tentatively identified such streams with 
cosmic rays of solar origin, although the velocities are 
very low compared with those deduced by cosmic ray 
investigators. The U bursts, on this basis, would 
require the motion of the stream to be reversed, 
presumably by a magnetic field. A new theory 
recently suggested by M. Krook (private communica- 
tion) considers the problem in terms of fast-travelling 
shock waves. This theory, which we now briefly 
outline, neither denies nor precludes the existence of 
fast-travelling corpuscular streams, although it may 
be noted that there is no direct experimental evidence 
confirming the existence of such streams. There is, 
indeed, as yet no direct evidence showing that the 
frequency drifts are definitely caused by travelling 
disturbances—that is, that the change in frequency 
is associated with a systematic change in position— 
but at present this is the most plausible interpretation. 

The new theory assumes that the prime origin of 
radio bursts is some gross instability or explosion at 
a low level in the solar atmosphere near, but not in, 
an active area. Such areas have strong magnetic 
fields extending into the chromosphere and corona. 
The explosion gives rise to large-amplitude waves the 
actual mode of propagation of which through the solar 
plasma depends on the strength and configuration of 
the magnetic field. In considering the propagation 
of these waves in terms of non-linear theory, Krook 
shows that an initial transverse disturbance in the 
region of the magnetic field gives rise to large-ampli- 
tude waves propagated along the direction of the 
field. In this case electron plasma and certain 
‘transverse’ shock waves are associated with large. 
velocities of propagation. These disturbances are 
strongly coupled with the radio-frequency field 
because of the presence of the magnetic field, and this 
coupling gives rise to electromagnetic radiation which 
can escape, if it is above the plasma frequency. The 
fast radio bursts are thus associated with the propaga- 
tion of the electron plasma or transverse shock waves. 
The U bursts are caused by these waves being guided 
around the magnetic field lines between regions of 


opposite polarity. 
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One would therefore predict that the U bursts 
should originate from activity in the region of bipolar 
sunspots. This prediction is confirmed by the 
observations, which show that 80 per cent of the U 
bursts were associated with flares, and of these flares 
80 per cent occurred over bipolar areas. (This latter 
result, however, is not unexpected, as nearly 80 per 
cent of all flares occur over bipolar areas*.) 

This work forms part of a research programme 
which is supported by financial assistance from the 
Geophysics Research Directorate of the United 
States Air Force. We wish to thank Dr. M. Krook 
for permission to refer to his unpublished work and 
for many valuable discussions, and Prof. D. H. 
Menzel for his interest in the experiments. One of 
us (A. Maxwell) gratefully acknowledges the award 
of a Fulbright travel scholarship. 


A. MAXWELL 
G. SwARuUP 


Harvard Radio Astronomy Station, 
Fort Davis, Texas. 
Nov. 22. 
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Electron Emission from Silicon p-n 
Junctions 


Ir is well known that silicon p—n junctions emit 
infra-red radiation when operated in the forward 
direction! and visible light in the breakdown region 
of the blocking direction®.*. The experimental study 
of non-thermionic electron emission from solids 
showed that there is often a correlation between the 
electron emission and the luminescence, as was 
stressed particularly in the work by Bohun‘*. The 
question now arises whether the electroluminescence 
in p-n junctions is accompanied by emission of 
electrons. 

The experiments were carried out with grown 
silicon p-n junctions of about 0-2 cm. x 0:2 cm. 
cross-section cut from a single crystal and etched in 
a hot mixture of concentrated nitric acid (1 part) 
and hydrofluoric acid (2 parts). The junctions had a 
breakdown voltage of about 100. The point of a 
Geiger counter, operated at normal air pressure (as 
described in refs. 4, 6), was placed at a distance 
of 2-7 mm. from the junction; the voltage was 
about 2,000. With the current flowing in the forward 
direction we failed to observe any electron emission. 
This is not surprising, as it is scarcely possible to 
imagine how the electrons could gain an energy of 
several clectron volts necessary for them to escape 
from the crystal. However, in the breakdown region 
of the blocking direction, we did observe emission of 
electrons. It was accompanied by the usual emission 
of light. First, it was necessary to ascertain whether 
the electron emission observed was not caused by the 
ionizing action of the light emitted from the junction. 
That this is not the case was shown by covering the 
emitting junction with a thin sheet of lithium fluoride 
transparent jo visible and ultra-violet light, which 
immediately stopped the emission. Further, it was 


verified that the electron emission is not caused by 
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the rise in temperature of the junction when electric 
current is flowing, but is connected with the current 
flow itself. Finally, it is considered improbable that 
the effect is caused by an external gas discharge 
across the junction, as the voltage was below the 
sparking potential of air’. 

In the exploratory experiments reported here, no 
simple relation was found between the intensity of 
the light emitted and the number of electrons emitted 
per unit time. The electron emission seems to arise 
from the spots situated on the surface which emit 
white light. When only red spots are observed, 
emission of electrons is either small or is not detectable. 
However, when the junction breakdown was made 
‘soft’ by slightly working the surface, bright white 
spots appeared at a low voltage (cf. ref. 2), which 
were often poor electron-emitters. Maximum 
emission was observed on freshly etched junctions 
with ‘hard’ characteristics operated in the avalanche 
breakdown region, when the whole junction appeared 
as an almost continuous bright white line. 

In the blocking direction, the electrons in the 
conduction band can gain considerable excess kinetic 
energy from the electric field. From the point of 
view of energies involved, it is plausible that some 
electrons can leave the crystal if one compares the 
depth of the conduction band as determined by 
Esaki® (3-47 eV.) with the light emission spectrum 
from silicon p-n junctions, which, according to 
Chynoweth and McKay’, extends over photon energies 
greater than 3-2 eV. 

I thank Z. Trousil for preparation of the silicon 
p-” junctions, A. Bohun for his generous help with 
advice and measuring set and A. Abraham for his 
help with the experimental work. 
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Jan Tavuc 
Institute of Technical Physics, 
Czechoslovak Academy of Sciences, 
Prague. 
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Vacuum Breakdown in Dielectric-loaded 
Wave-guides 


A sLOW wave structure suitable for an electron 
linear accelerator or a high-power travelling-wave 
tube can be obtained by loading a metal wave-guide 
with a dielectric, either in the form of a coaxial tube 
or @ series of disks. 

A low-loss dielectric must be used, and it is also 
advantageous for the dielectric constant to be high. 
To meet these and other requirements a most promis- 
ing material is a titanium dioxide ceramic which has 
a loss tangent of about 0-0003 and a dielectric constant 
of about 90 at a frequency of 3,000 Me./s. In prin- 
ciple it is possible to design structures! using this 
material which have a higher efficiency and better 
frequency characteristics than can be obtained by 
the conventional method of loading by means of 
metal disks. 

Experimental work at Malvern! indicated that 
when operated at electric field strengths of the order 
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Fig. 1. The disk shown is 3 in. in diameter 
of 104 V./em., wave-guides loaded with dielectric disks 
tended suddenly to develop very high losses. This 
was thought to be due to a multipactor effect and 
appeared to occur more readily if vacuum-pump oil 
were present in the system. 

Further experiments have been carried out at 
Queen Mary College using a resonant cavity 20 cm. 
long loaded with four dielectric disks arranged at 
half-wave intervals, power being fed to the cavity 
by a 2-MW. magnetron operating at a frequency of 
3,000 Me./s. The dielectric disks were of thickness 
0-25 in., outer diameter 3 in. and each had a central 
hole in. in diameter. The cavity was excited in an 
E-mode, the electric field being most intense along 
the axis. The field was approximately normal to the 
plane surfaces of the disks, the maximum value of 
the radial component occurring inside each disk at 
its mid-plane. 

At an axial electric field strength of less than 
10° V.j/em. and at a pressure of about 10-5 mm, 
mercury it is found that a breakdown is liable to 
occur. This is accompanied by a sudden increase in 
X-ray output from the cavity ; by reducing the field 
strength the incidence of this breakdown is delayed, 
but even at an intensity of 10‘ V./cm. it is not entirely 
eliminated. 

The disks sustain an entirely superficial damage, a 
reduction of the titanium dioxide to a lower, semi- 
conducting oxide taking place. In some cases heavy 
black tracks containing copper deposits, indicating 
intense local heating, radiate from the copper wall, 
ending in a diffuse tree-like formation. Quite distinct 
from this, more diffuse tracks occur around the centre 
hole, and whereas on some disks these two patterns 
merge (Fig. 1) on other disks they are found to occur 
separately. Similar discharge lines were also observed 
in the work at Malvern. 

To avoid poor contact between disk and wall 
(which could give rise to intense local fields) tests 
were carried out with disks which had been silvered 
on their outer edge, but breakdown was not greatly 
affected. 

In recent experiments the disks were coated with 
a layer of glaze, and a most remarkable breakdown 
strength resulted. The glaze is a well-known green 
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resistor enamel consisting mainly of lead borate. It 
is sprayed on and then baked, giving a final thizkness 
of a few thousandths of an inch. Tests carried out 
with the cavity loaded with such glazed disks gave no 
breakdown at an electric intensity of 3 x 10° V./em., 
the limit attainable with the available pewer source. 
Further tests, using two glazed and two unglazed 
disks in the same cavity, showed no change in the 
glazed disks despite intense bombardment accom- 
panying the breakdown of the unglazed pair. This 
field strength is higher than that used in any electron 
linear accelerator, to our knowledge. 

The investigation was supported by a grant from 
the Atomic Energy Research Establishment. 


G. B. WALKER 
E. L. Lewis 
Queen Mary College, 
University of London, 
Mile End Road, E.1. 
1 Shersby-Harvie, R. B., Mullett, L. B., Walkinshaw, W., Bell 
and Loach, B. G., Proc. Inst. Elec. Eng., B, 104, 273 (1867). 


hac og ties B., Ma West, N. D., Proc. Inst. Elect. Eng., C, 104, 381, 
° 
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Absorption Spectra of Rare 
Earths in Glasses 


ABSORPTION spectra of rare-earth ions have been 
increasingly studied over recent years because of 
their presentation of band and line absorption in the 
visible region. Much work has been carried out in both 
aqueous and non-aqueous solutions, with and without 
the presence of complexing ions, which demonstrates 
the influence of these complexing or hydrating ions 
upon the absorption spectrum and hence upon elec- 
tron transitions involving the partially filled, lower- 
lying (4 f) electron shell to which the band absorption 
is attributable'. Few studies have, however, been 
reported upon variations in absorption spectra of 
rare-earth compounds in glassy compositions. 

Use of rare earths in optical filters has long been ex- 
ploited, but the consensus of hitherto known results 
has indicated that the presence of anions or cations 
in the glassy state has relatively little effect upon the 
position, intensity, etc., of neodymium or praseody- 
mium absorption bands in the visible region’. 
Wiedert® and Fedotieff and Lebedeff* examined the 
absorption spectra of silicate glasses containing 
neodymium and found the position and intensity of 
the main absorption band to be affected by alkali 
and divalent ions. The effect produced being to 
some degree dependent upon the ionic size of these 
ions, band-shifts were attributed partially to inhomo- 
geneities produced in the glass, but Weyl> concluded 
that ionic size of these alkali and divalent ions could 
not be the only factor influencing the electronic 
perturbation or transition responsible for the absorp- 
tion spectra. 

In the process of fundamental research on the effect 
upon physical properties of the inclusion of rare 
earths in glasses, we have examined, on a preliminary 
basis, the absorption spectra of a phosphate glass 
containing varying concentrations of the rare earths. 


The glass was ‘Corning 4600’, containing: P,O,, 
77-6; Fe,0;, 2:52; B,O;, 8:26; CaO, 5-07; 
Al,O;, 3-98 ; MgO, 0-91. 


As shown in the accompanying spectrograph 
(Fig. 1), it is evident that, in the phosphate environ- 
ment, both dissection and wave-length shift occur 
for the neodymium 576 and 522-mu. bands, absorption 
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Fig. 1. Absorption spectra of Pr°+ and Nd*+ in phosphate glass 


peaks being shifted to longer wave-lengths. The 
praseodymium 480-my band shifts to a lower wave- 
length and, while the 440-my complex also shows 
evidence of shift and dissection, both bands are 
decreased in intensity. Loci and density are com- 
pared in both instances with aqueous solutions of the 
same concentration of rare-earth ion. By analogy with 
known effects of complex formation upon lanthanon 
absorption spectra it may be considered, therefore, 
that in phosphate glasses evidence is obtained 
indicating the possible existence in this environment 
of complexed ions of the type [Ln(PO*),]*. Primary 
comparative evidence correlating band-shift and 
dissection with thermodynamic stability of complexes 
suggests that the spectrophotographic data now 
obtained indicate appreciable difference in the 
stabilities of the phosphate complexes formed. 
Application of the simple de Broglie-Schrédinger 
equation to the wave-length shifts found show 
the praseodymium and neodymium complexes to 
differ by some 4-55 x 10-5 volts in thermodynamic 
stability, and it is significant that, where phosphate 
complexes have been employed in _ rare-earths 
separation, appreciable separation factors have been 
obtained’. 

The lanthanons are known to function as network 
modifiers in phosphate glasses’, that is, the lanthanon 
ions are enclosed in PO, tetrahedra, but do not play 
any part in the development or breaking of oxygen 
bridges. Complex formation would suggest, there- 


Fig. 2. Co-ordination of neodymium in phosphate glass 


January 4, 1958 Vou. 181 


fore, the development of a struc- 
ture such as is shown in 
Fig. 2. 

_It is hoped to extend this 
preliminary evidence for complex 
formation in phosphate glasses 
to the wider field of rare-earth 
‘phosphate complexes generally, 
but any further observations 
cannot be expected to be avail- 
able for some time. This com- 
munication is therefore pre- 
sented for the immediate interest 
of workers in this and allied 
fields. : 

This investigation was sup- 
ported by the United States Air 
Force through the Air Force 
Office of Scientific Research of the Air Research and 
Development Command under Contract No. 
AF49(638)-5. 

R. C. VicKERY 
R. SEDLACEK 


Chemistry Dept., Horizons, Inc., 
Cleveland 4, Ohio. Nov. 18. 


1 Moeller, T., Rec. Chem. Prog., 14, 69 (1953). Moeller, T., and 
Brantley, J., J. Amer. Chem. Soc., 72, 5447 (1950). Vickery, R. C., 
“Chemistry of the Lanthanons” (Butterworths, London, 1953) ; 
J. Chem. Soc., 421 (1952); J. Mol. Spectros. (in the press). 
Williams, R. G. W., J. Chem. Soe., 137 (1955). 

* Norton, F. H., and Shaw, D. T. H., J. Phys. Chem., 35, 3480 (1931). 

3 Wiedert, F., Z. wiss. Photog., 21, 254 (1921-22). Wiedert, F., and 
Rosenhauer, K., Glastech. Ber., 16, 51 (1938). 

‘ Fedotieff, P. P., and Lebedeff, A., Z. anorg. Chem., 184, 87 (1924). 

s Werk, a A., “Coloured Glasses” (Soc. Glass Technol., Sheffield, 

*Marsh, J. K., J. Chem. Soc., 554 (1939). Peppard, D. F., e¢ al., 
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News, 35, 82 (1957). 

’ Vickery, R. C., and Sedlacek, R., Final Report A.F.0.S.R. Contract 
No, AF49(638)-5. 


Structure and Density of Glass 


From the chemical composition and density of 
several hundred glasses! the volume v associated with 
an oxygen ion has been calculated in A.* or 10-** cm.* 
units. This volume amounts in simple glass-forming 
oxides, that is, SiO,, B,O;, P.O,, to 21-1-22-7 A.°. 

SiO,-B,0, mixed glasses show a linear relation 
between v and R, which is the number of oxygen ions 
per network-forming atom : 


R= 





O 

1 
Si+B+Al+... (1) 
where the chemical symbols stand for the gram 
atoms present in a given quantity of glass (for 
example, 100 gm.) of the respective elements. For 

SiO,—B,O,-glasses the equation 
v= 3-8R + 15-25 (2) 


holds with a maximal error of 0-3 per cent. 
Sodium silicate glasses yield the equation 
v=38R + 14-9 (3) 
with R between 2-051 and 3-053 with a maximal 
error of 0-65 per cent. 
For potassium silicate glasses 
v=12R—1:2 (4) 
(maximal error 0-7 per cent). Similar equations 
have been found for calcium silicate and strontium 
silicate glasses. The volume v in lead glasses can be 
approximated with three linear equations for different 
ranges of R. 
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If we introduce another network-forming oxide, for 
example, BeO, Al,O;, in sodium silicate glass, the 
equation (4) remains valid, only the additive constant 
being modified to a small extent ; for sodium silicate 
glasses containing alumina 

v=38R + 15-1 
and for those containing BeO 

v=3-8R + 146 
The equation for sodium silicate glasses containing 
boron trioxide is somewhat more complicated. 

Three-component glasses containing network-modi- 
fiers such as CaO, MgO, etc., are contracted by ions of 
smaller size and higher charge and this can be 
accounted for in a simple way. If we denote the 
number of moles present in 100 gm. of glass of a net- 
work-modifying oxide by Mg*, Ca*, etc., then the 
contraction brought about by them is proportional 
to Mg*, Ca*, etc. For soda—lime glasses 

v =3-8R — 5 Ca* + 14:9 
for soda—barium oxide glasses 
v = 3-8 R — 0-5 Ba* + 14-9 
and so forth. If the glass contains also alumina, it 
must be considered when calculating R. The 
maximal error is 0-9 per cent. 

The case of three-component glasses derived from 
potassium silicate is similar, only the coefficients of 
Ca*, ete., being different. For potash—lime glasses an 
equation derived from (4) 

v= 12R — 12 Ca* — 1:1 
holds with a maximal error of 1-1 per cent. Similar 
equations have been found for potassium glasses 
containing other network-modifying oxides. 

Calculations for four-component glasses are being 
made with good results and it is proposed to extend 
them for five- and multi-component silicate, borate 
and other glasses. 

This makes it possible to calculate the densities of 
glasses from the composition with an accuracy much 
greater than the equations proposed earlier allow. 
Standard errors of the above equations are of course 
much smaller than maximal errors. 

It is evident that the volume of the non-periodic 
tetrahedral network in glasses is extended when R 
increases, because R is the measure of the bridging 
of tetrahedra ; the greater R, the fewer corners of 
tetrahedra are bridged, that is, connected with other 
tetrahedra. Therefore with increasing R the network 
expands. Our results show that this expansion is 
linear, therefore each ‘molecule’ of Na,O expands the 
SiO,-network by the same. amount, but the intro- 
duction of a K,O causes a different amount of expan- 
sion. Network-modifying ions contract the network 
according to the size and charge; the factors are 
different for sodium glasses and potassium glasses : 
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lon Factor for sodium glasses Factor for potassium glasses 
Mgt+ 13 
Ca*+ 5 12 
Ba*+ 9 
Zn*+ — 
Tit+ an 
Zr‘+ _ 

A detailed account of this work is to appear in 
Acta Physica, Budapest. 

I. NAray-SzaB6 

Central Chemical Research Institute, 

Hungarian Academy of Science, 

Budapest. 


Mos : _of the literature is to be found in Morey, G. W., “The Properties 
of Glass”, 2nd edit. (New York, 1954). 
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Large Sand Waves near the Edge of 
the Continental Shelf 


Trains of large ridges, made mostly of sand and 
orientated normal to tidal streams, occur at many 
places in the shallow waters around Britain and in 
other parts of the world. The largest features of this 
form have recently been found by echo-sounding 
during cruises of R.R.S. Discovery II and R.V. Sarsia 
near the edge of the continental shelf, in depths of 
about 90 fathoms. It may be useful to describe the 
work carried out by the former ship on La Chapelle 
Bank in the neighbourhood of 47° 41’ N., 7° 13’ W. 

The patch of sand waves, about 12 miles long, 
ended abruptly at the edge of the continental shelf 
(Fig. 1) while the eastern limit was rather ill-defined. 
The patch extended laterally for 5 miles, but was 
probably rather more extensive than this for the 
ridges were large at the limits of the region sounded. 

















Fig. 1. Sand waves on La Chapelle Bank showin: ag Oe their abrupt 

seomination at the edge of the continental she Section is 

approximately normal to the crests. The slopes are distorted 
by the curvature and exaggeration of the depth scale 


The crests have an average height of about 25 ft., 
40 ft. being the maximum value observed. The mean 
separation of the crests was about 2,800 ft., although 
there was considerable variation. The survey con- 
sisted of seven lines arranged in a star-like pattern 
over the ridges. From the differences in the apparent 
separation of the crests, on sounding lines of different 
orientation, it was possible to derive the direction 
giving a true profile. The orientation of the crests 
was about 110° true, and so the ridges were parallel 
to the general line of the edge of the shelf. 

A large sample taken from a ridge and from a 
trough, by conical dredge, showed that sand together 
with some shell gravel were the chief components 
(median diameter about 0-5 mm.). 

These sand waves are of interest for a number of 
reasons. Their crests have a separation about three 
times greater than for similar ridges in shallower 
water. Their presence suggests that the tidal streams 
on La Chapelle Bank, even at 90 fathoms, are strong 
enough to transport sand and gravel along the floor. 
From a study of the slight asymmetry of the profiles 
of the ridges it was inferred that there must be a net 
westward transport of sediment. The abrupt western 
limit of the ridges at the edge of the shelf may mean 
that the material,.once it reaches the top of the 
continental slope, is carried away (perhaps periodic- 
ally) into deeper water. 

We shall be pleased to hear of other places where 
such features occur, since we hope to make a more 
general study. 

D. CARTWRIGHT 
A. H. Srrme 
National Institute of Oceanography, 
Wormley, Godalming, 
Surrey. 
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Absorption Spectrum of the OBr Radical 


Usine the flash photolysis technique of Norrish 
and Porter! I have discovered a spectrum consisting 
of a series of roughly equidistant diffuse absorption 
bands which is attributed to the OBr radical. This 
spectrum was observed when mixtures of the vapours 
of bromo-substituted methanes and oxygen were 
irradiated by a flash discharge. Chloro-bromo- 
methane provided the most intense absorption bands, 
but they also appeared with the following com- 
pounds: CClI,Br, CCl,HBr, CBr,H,, CBr,; the 
strongest bands were also weakly visible in mixtures 
of oxygen and ethyl bromide. 

The intensity of the absorption decayed with a 
half-life of 4-1 msec., which falls into the range 
observed for radicals and metastable states. About 
fifteen diffuse absorption bands have been observed ; 
the maxima, accurate to about 1 A., are given in 
Table 1. 


Table 1 


ee —_——— 





Wave-length (A.) Frequency 

28,190 em,.~* 
28,700 cm.~* 
29,110 cm.~* 
29,560 cm.~" 
29,975 cm.~! 
30,385 cm.~? 
30,770 cm.-? 
41,160 cm. 
31,545 cm.~' 
31,870 cm.~' 
32,205 cm.~* 
32,575 cm. 
$2,885 cm.-? 
33,165 em.~! 
33,445 cm.-* 


Intensity 





weak 
weak 
weak 
strong* 


510 cm." | 
410cm.* | 
450 em.~? 
415 cm.** | 
410 cm.~! 
385 cm.~* 
390 cm.~! 
385 cm.~! 
325 cm.~? 
335 cm.~! 
370 cm.-* 
310 em.~? 
280 em.~? 
2380 cm.~* 


medium 
medium 
medium 
medium* 
strong* 
medium 
weak 
weak 
weak 
weak 
weak 

| 


3041 
3015 
2990 











* Fairly sharp limit on the short wave-length side. 


It is surprising that this band system has never 
been observed during explosions sensitized by the 
flash-photolysis of bromine. In an investigation on 
the emission spectrum of flames to which bromine 
or methyl bromide had been added, Coleman and 
Gaydon* observed some unidentified faint bands. 
They mention that the strongest heads appear to be 
at 3333 and 3384 A. These wave-lengths coincide 
with two of the strongest bands given in Table 1. 

The presence of oxygen, either as a mixture 
component or as an impurity in the added gas, is a 
prerequisite for the occurrence of the spectrum. 
The participation of bromine in the absorbing radical 
may be inferred from the fact that all the compounds 
from which the spectrum can arise must contain 
bromine. An absorber, consisting of more than two 
atoms, will probably result in a more complex 
spectrum, and it is difficult to see which common 
substance, other than BrO -, can result from the various 
mixtures of substituted bromomethanes and oxygen. 
Consequently, the radical OBr has been identified as 
the absorbing species although it is realized that no 
definite proof has been given. 

The assignment of the spectrum to OBr also gives 
an explanation for the diffuseness of the bands, since 
it may be expected that the O-—Br bond is very weak 
and thus easily dissociated. Predissociation from 
the high energy-level of the upper state is very 
probable. The fact that no absorption spectrum was 
observed when bromine was flashed in the presence 
of oxygen (in contrast to the corresponding case of 
Cl,-O,) can also be due to the weakness of the 
O—Br bona, which makes the reaction : 


O, + Br- + BrO: + O 
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energetically impossible. This is also an indication 
that BrO,, which is unstable at room temperature, 
is not the absorbing species. On the other hand, 
oxygen atoms will not react with bromine atoms 
in the formation of OBr radicals, since they cannot 
lose their energy. Indeed, no OBr bands were 
observed in an experiment in which a mixture of 
bromine and nitrogen dioxide was flash-irradiated. 

It is believed that the formation of the OBr radical 
is possible in the present experiments as a result of 
the following occurrence. The flash dissociates the 
bromo-compound (RBr) into a bromine atom and a 
radical (R-). This will occur only if the bromo- 
compound has a. sufficiently strong absorption. 
The introduction of more halogen atoms into the 
molecule increases the extinction coefficient, but 
decreases the vapour pressure. The maximum 
concentration of OBr will be greatest for that com- 
pound for which the product of extinction coefficient 
and vapour pressure is optimal. This is the case 
with CBrClH, and CBr,H,. The radical R- formed 
reacts with oxygen in the formation of ROO- in 
which the O—O bond is weakened to a large extent. 
On a subsequent collision with a bromine atom the 
OBr radical is formed. 

My thanks are due to Prof. R. G. W. Norrish for 
his interest in the investigation and for the facilities 
provided in his laboratory, and to the management 
of the Koninklijke/Shell-Laboratorium, Amsterdam, 
for the opportunity given to me to undertake this 
investigation. 

A. P. ZEELENBERG* 


Department of Physical Chemistry, 
University of Cambridge. 
* Present address: Koninklijke/Shell-Laboratorium, Amsterdam. 
1 Norrish and Porter, Nature, 164, 658 (1949). 


* Porter, Proc. Roy. Soc., A, 200, 284 (1950). 
* Coleman and Gaydon, Disc. Farad. Soc., 2, 166 (1947). 


Effects of Nuclear Irradiation upon the 
Decomposition of Lead Styphnate 
Monohydrate 


THE thermal decomposition of lead styphnate 
monohydrate has been re-investigated prior to a 
study of the effects of gamma-ray and reactor 
irradiation upon the decomposition. The two 
previous studies’? of this decomposition gave quite 
divergent results. 

A decomposition apparatus similar to those 
employed by other workers* was used. Lead styph- 
nate monohydrate was found to decompose repro- 
ducibly in the range found by the other investigators, 
that is, 197-228° C. Because of this small range of 
temperature available it was controlled to 0-1° C. 

The decomposition curves of the present study fell 
into group C described by Garner and Haycock'® ; 
this group of decompositions is characterized by an 
initial small, fast gas evolution. This is followed by 
a linear period which develops into the acceleratory 
period. The initial gas evolution in lead styphnate 
monohydrate corresponded to about 1 per cent of 
the total gas evolved ; this phase was followed by a 
linear region which developed into a parabolic 
acceleratory period. The inflexion point corresponded 
to 29 per cent reaction and was followed by a first- 
order deceleratory period. Rate constants for the 
acceleratory period were calculated from 


(P — Po) = k(t — to)? 
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P, was close to the pressure at the end of the linear 
period and was determined exactly by the method 
described by Garner et al.*. The activation energy 
for k}/? was 36-0 keal./mol.; this is close to the 
value of 33 kcal./mol. determined by Tompkins and 
Young*. Many of the present results were similar 
to those of Tompkins and Young, that is, the general 
shape of the curves, the location of the inflexion 
point, the nature of the acceleratory period and its 
activation energy. However, the initial small gas 
evolution and linear period were absent in their 
curves. This discrepancy may be due to the small 
size of the crystals used in the present work; the 
average particle size was 7-7u. 

A series of cobalt-60 gamma irradiations (25° C.) 
up to 1-8 x 108 r. did not significantly alter the 
subsequent thermal decomposition curves. Neglig- 
ible gas was evolved during an irradiation of 3 x 107r.; 
this agrees with a recent finding‘, namely, the total 
gas evolved from lead styphnate monohydrate was 
1/50 that of lead azide after a 3 x 10’ r. room tem- 
perature irradiation from the 0-41 MeV. gamma-rays 
of gold-198. The stability of lead styphnate mono- 
hydrate towards ionizing radiation as reflected in its 
subsequent thermal decomposition curves is in 
marked contrast to lead azide ; Groocock® has found 
that X-ray doses of 10? r. double the maximum 
decomposition-rate of «-lead azide. He also 
found that smaller doses altered the decomposition- 
rates. 

Reactor irradiation greatly affected the subsequent 
decomposition curves (Fig. 1). Small samples of 
lead styphnate monohydrate were irradiated in a 
water-cooled hole of the Brookhaven National 
Laboratory reactor. Negligible difference was found 
in the decomposition curves of samples irradiated 
in vacuo and in air; consequently most samples were 
irradiated in air. A sample decomposed 8 days after 
irradiation gave a decomposition curve nearly identical 
with one stored for 49 days and then decomposed ; 
this indicates that the radiation damage which affected 
the decomposition curves was not removed by 
storage at room temperature. Negligible decomposi- 
tion occurred during irradiation ; less than 1 micron 
of gas (Fig. 1) was evolved during irradiation of the 
sample used for curve C. 

The maximum rate of decomposition for the longest 
irradiation period (curve A, Fig. 1) is nearly three 
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Fig. 1. The thermal decomposition curves of oe ea nsec 


lead styphnate monohydrate (222 -5° C. 
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times that of the unirradiated sample. It is of 
interest that the maximum decomposition-rate of 
irradiated samples which did not detonate or show 
evidence of self-heating was almost twice that of an 
unirradiated decomposition which showed no ten- 
dency to self-heat or detonate. The irradiated 
material is decomposing at a large number of evenly 
distributed sites formed from fast-particle damage 
in the crystal; the unirradiated decomposition is 
proceeding at a smaller number of more localized 
regions, for example, cracks, grain boundaries, and 
other imperfections. Evidently at a given overall 
reaction-rate the probability of detonation or self- 
heating is much greater in the latter case. 

Further details of this work will appear elsewhere. 
This work was done at Brookhaven National Labora- 
tory and was supported jointly by the U.S. Atomic 
Energy Commission and Picatinny Arsenal. I am 
indebted to Drs. P. W. Levy and J. V. R. Kaufman 
for their advice and interest. 


Tep B. FLANAGAN 


Explosives Research Section, 
Samuel Feltman Ammunition Laboratory, 
Picatinny Arsenal, 
Dover, New Jersey. 
Oct. 16. 
1 Hailes, H. R., Trans. Farad. Soc., 29, 544 (1933). 
* Tompkins, F. C., and Young, D. A., J. Chem. Soc., 331 (1956). 
s seat E., and Haycock, E. W., Proc. Roy. Soc., A, 211, 335 
* Warren, K. S., Seeger, D. E., and Dieter, C. F., Oak Ridge National 
Laboratory Report, 1720 (unpublished). 


5 Groocock, J. M., Abstracts of the Royal Society Discussion on 
Initiation and Growth of Explosion in Solids (May 1957). 


Isomerism among Binuclear Thiocyanato- 
bridged Complexes 


WE earlier described! two isomeric platinous com- 
plexes of the general formula (PPr®;),Pt.(SCN).Cl., 
which we designated « (melting point, 144-152°C.) 
and 6 (melting point, 173-174-5° C.). These were 
shown to have trans-symmetrical structures of 
type (I), where A, B, C and D represent the thio- 
cyanato- and chloro-groups. 

Later, an examination of their infra-red spectra? 
showed that the SCN groups were in bridging positions 
in both isomers, and hence that both isomers had 
formula (I) with A = C =SCN and B=D=Cl. 
It was then suggested that the isomerism must be 
geometrical and depended upon whether the SCN 
groups were in @ cis or trans relationship to each 
other about the PtS,Pt ring in a molecule of structure 
(II). This seemed probable because it had always 
been assumed that the SCN group bridges only 
through the sulphur atom in platinum(IT) and 
palladium(II) complexes, and because the difference 
between the frequencies of the SCN stretching 
modes of vibration in the two isomers is only 
7 cm.-}. 

The possibility that our isomers might be struc- 
tural, depending upon the structural arrangement of 
the SCN groups in the bridge as in formule (ITI) and 
(III), or geometrical as in (IIT) and (IV) also arose 
however, together with other less probable pos- 
sibilities. 

Recently, Lindqvist* has found that silver thio- 
cyanate consists of infinite chains of structure 
--+ Ag—S—C=N —>Ag—S—-C=N-—Ag::-, in which 
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the thiocyanate bridge is formed through both the 
sulphur and nitrogen atoms. We have therefore 
examined its infra-red spectrum and find that the 
SCN stretching vibration frequency (2,149 cm.-) is 
closely similar to those observed in our isomers 
(a, 2,162 cm.-!; 6, 2,169 cm.-!). This supports the 
possibility of bridging by Pt—S—-C=N-Pt in our 
isomers, and if they have structures (II) and (IIT) 
we might expect (III) to be the unstable «-isomer. 

We have now examined the structure of the «a- 
isomer by X-rays and do indeed find that it has 
structure (III). Until we know the structure of the 
8-isomer, which is now under investigation, the exact 
nature of the isomerism is uncertain, but it is not 
a geometrical isomerism of the type previously 
proposed?. 

We have sought this type of isomerism in other 
similar complexes and find that the tetrathiocyanate 
(1; A=B=C=D=SCN) also exists in two isomeric 
forms. In this case the unstable form is too labile 
to be isolated in a pure condition. 

Full details will be published elsewhere. 


J. CHatr 

L. A. DuNCANSON 
F. A. Hart 

P. G. Owstron 


Imperial Chemical Industries Limited, 
Akers Research Laboratories, 
The Frythe, 
Welwyn, Herts. 
Oct. 11. 
1 Chatt, J., and Hart, F. A., Nature, 169, 673 (1952). 
? Chatt, J., and Duncanson, L. A., Nature, 178, 997 (1956). 
* Lindqvist, I., Acta Cvyst., 10, 29 (1957). 


A New Superstructure in Gamma-Ferric 
Oxide 


Smnce 1935 it has been generally accepted that 
gamma-ferric oxide has the structure of magnetite 
(spinel structure) with cation vacancies'. The 
vacancies were assumed to be randomly distributed 
on all octahedral iron sites of magnetite. Magnetite 
contains 8- molecules of Fe,O, in the face-centred 
cubic unit cell and has the space group Fd3m. 
Gamma-ferric oxide contains 10% molecules of Fe,0, 
in the unit cell. Due to the occurrence of a number 
of extra reflexions in the X-ray diagram of gamma- 
ferric oxide also occurring in the diagram of ordered 
lithium ferrite Fe,{[Li,Fe,.J]O3., and to the fact that 
the materiul he used contained some water, P. B. 
Braun? of this Laboratory suggested that in these 
gamma-ferric oxide specimens the same super- 
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structure occurs as in ordered lithium ferrite. The 
ideal composition for ordering would be 
Fe,[H,Fe,2]O3:- For compositions between 
Fe,{H,Fe,.JO32 and Fe,[(Fe1323)Fe.2JOs_ the same 
superstructure reflexions were observed. ( square 
brackets [ ] denote the cations on octahedral sites, 
the ordinary brackets ( ) those on the Li-sites in 
ordered LiF e,QO,.) 

If the 14 Fe-atoms and the 2% vacancies are 
randomly distributed on the positions of the four 
lithium atoms in ordered lithium ferrite the space 
group of gamma-ferric oxide would be the same as 
that of ordered lithium ferrite, namely, P4,3 (or P4,3). 
This is a sub-group of Fd3m. The extra reflexions 
found by Braun are compatible with a primitive 
cubic unit cell, but not with the face-centred cubic 
cell of spinel. 

In the X-ray diagrams of a number of commercial 
samples of gamma-ferric oxide of different origin 
and in the diagrams of a number of our own prepara- 
tions we have found a faint reflexion between 
xh? = 6and Xh* = 8. Inorder to be certain that this 
reflexion is not caused by an impurity we prepared? 
gamma-ferric oxide by decomposing very pure ferrous 
oxalate dihydrate in an atmosphere of steam and 
nitrogen followed by oxidation with a mixture of 
nitrogen and air at 250° C. The water content is less 
than one-half weight per cent. 

In the X-ray diagram made of this material on a 
‘Norelco’ diffractometer with cobalt K, radiation, 
even the strongest reflexion of alpha-iron oxide could 
not be detected. Beside the superstructure reflexions 
found by Braun, the reflexion between Zh? = 6 and 
x~h? = 8 mentioned above and fourteen others 
between 12° and 46° (20) have been found. 

It has been possible to assign indices to all the 
reflexions using a tetragonal unit cell having c/a = 3 
and a, = 8:33 A. Absence of the reflexions 00/ with 
1#4n points to a fourfold screw axis with a 
translation of } c. There are no indications of a 
non-primitive unit cell. 

On the assumption that the structure is still 
practically that of spinel, the new unit cell must 
contain 32 molecules of Fe,0;, and the space group 
is P4, (or P4,). This is a subgroup of P4,3. 

The position of the 3 x 14 = 4 iron atoms and the 
3 x 2% = 8 vacancies distributed on the 3 x 4 = 12 
lithium sites is determined by the fourfold screw axis. 
(fron at 4a: LY 52 5 @Y,4 +2; Yt, +2; 0,3 
+2.) A verification of the proposed structure by 
calculation of the intensities is in progress and will 
be published in detail. 

In the course of the present work a paper by 
R. Collongues came to our attention‘. He found a 
number of superstructure lines compatible with a 
tetragonal unit cell with c/a = 2. The discrepancy 
between his and our results is due to the fact that 
he has observed a smaller number of extra reflexions 
and because his samples contain alpha-ferric oxide. 


G. W. van OostERHOUT 
C. J. M. Roorsmans 


Philips Research Laboratories, 
N.V. Philips’ Gloeilampenfabrieken, 
Eindhoven. 

June 28. 


1 Verwey, E. J. Krist., A, 91, 65 (1935). 
Chem., B, PA a Cogs). Kordes, E., Z. Krist 

* Braun, P. B., Nature, 170, 1123 (1952). 

* British Patent 688903. 

* Collongues, R., thesis (Paris, 1957). 
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Mineralogy and Crystal Structure of 
Greenalite 


GREENALITE, @ hydrous ferrous silicate, was first 
described in detail by Leith!; heavy contamination 
by other constituents of the iron-ore in which it 
occurred made analysis difficult. Discrepancies 
between analyses of the mineral by Leith and by 
Jolliffe? were ascribed by Gruner to different methods 
of correcting for insoluble silica. Gruner found the 
X-ray pattern to be very similar to that of chrysotile, 
but different from chlorite, micas and chamosite. 
Gruner ascribed to greenalite a unit cell simiiar to 
chrysotile, although he found it impossible to tell 
whether the §-angle differed from that of chrysotile, 
93° 16’. Gruner’s analysis corresponded to a struc- 
tural formula of Fe*+,.,;Fe*+,.9(Si,0;o)(OH)s. 

Recent research on chamosite from sedimentary 
ironstones, also a hydrous ferrous silicate, has shown 
it to be a member of the kaolin—antigorite group with 
an orthohexagonal unit cell, and layers stacked in an 
orthohexagonal, monoclinic or disordered sequence’. 
Since greenalite and chamosite were similar in 
composition, Gruner’s finding that their X-ray 
patterns differed was unexpected, and a re-examina- 
tion of greenalite was made with a Brindley powder 
camera. The greenalite diagram closely resembled 
chamosite, much more so than chrysotile. Con- 
taminants gave sharp lines, while the greenalite gave 
broader lines which were due to the principal ortho- 
hexagonal indices. In particular, the clarity of the 
201 series showed that, unlike many chamosites‘, 
greenalite has little or no a-disorder. No monoclinic 
form was observed. 

In comparing cell dimensions, the a, and ¢y values 
for chrysotile have been transposed, but the double 
b, and c, dimensions have not been altered (‘Table 1). 


Table 1 








Ironstone 

chamosite 

(Brindley 
and Youell) 


Lateritic 

chamosite 

(Brindley) 

5:32 5°38 
18-6 9-31 
14°5 “ 7°03 

2 93° 16’ 90° 


Greenalite 
(present 
work) 


Greenalite 
(Gruner) 


Chrysotile 


(Gruner) 





5°32 
18-6 
14:5 
93° 16’ 























The hydrous ferrous silicates vary considerably in 
chemical composition, giving rise to differences in 
unit cell dimensions even among specimens of the 
same mineral. Two factors are important in com- 
paring the unit cells of greenalite and chamosite. 
Greenalite has very little replacement of tetrahedral 
Si by Al, compared with chamosite. This factor by 
itself would produce a reduction of a, and by by the 
same fraction, and a c, increase of about twice this 
fraction. The octahedral sites in the greenalite 
structure are nearly all filled by the large ferrous ion, 
whereas in chamosite appreciable substitution by the 
smaller Al ion occurs. Greenalite would be expected 
to have larger values of do, 6» and cy due to this 
factor, with the effect about four times as great for 
a, and by as for c». Combination of these two factors 
in greenalite produces a structure in which all para- 
meters are greater than in chamosite, the increase 
being 3 per cent for a, and by and 2-3 per cent for cy. 

Greenalite oxidizes and becomes dehydrated to a 
high-temperature ferric form, but this is nct so well 
defined as in chamosite. The oxidized and sometimes 
partially leached form of chamosite occurs extensively 
in weathered sedimentary ironstones. It seems 
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likely that a similar phenomenon occurs with green- 
alite in the field, giving rise to Jolliffe’s ‘Mineral X’. 
Despite the similarity of the two minerals, greenalite 
is virtually free from alumina, whereas in most 
chamosites, the ratio Al/Si is very nearly 1. In view 
of the differences in environment and deposition of 
greenalite and chamosite, resemblance in all respects 
would not be expected. In both cases, however, the 
low iron content of the hydrous silicates relative to 
iron oxides and siderite, and the high silica content, 
render rocks containing a high proportion of these 
munerals unworkable as iron ores, and intractable to 
beneficiation provesses based on physical methods. 
A full account of this work will be published later. 
R. STEADMAN 
Department of Physics, 
Huddersfield Technical College, 
R. F. Your.n 
X-Ray Laboratories, 
Department of Physics, 
University of Leeds. 
1 Leith, C. K., U.S. Geol. Survey, Mon. 43, 101 (1903). 
2 Jolliffe, F., Amer. Min., 20, 405 (1935). 
* Gruner, J. W., Amer. Min., 21, 449 (1936). 
‘ Brindley, G. W., Min. Mag., £9, 502 (1951). 
5 Brindley, G. W., and Youell, R. F., Min. Mag., 30, 57 (1953). 
*Youell, R. F., Nature, 176, 560 (1955). 


Rapid Sedimentation of Proteins through 
Starch 


PacKED potato starch, which has been widely used 
for zone electrophoresis, offers certain advantages 
when employed as a supporting medium in the 
ultracentrifuge. Boundaries are stabilized, making 
recovery of fractions easier, and the proteins thus far 
studied sediment at least twice as rapidly in starch 
as in free solution. This has been shown in experi- 
ments with rat hemoglobin (1 per cent) or bovine 
serum albumin (1—5 per cent) stained with bromphenol 
blue centrifuged in starch and in free solution under 
identical conditions. Centrifugation was done in the 
‘Spinco’ Model ZL centrifuge by use of an SW 391 
swinging-bucket rotor at approximately 20°. A 
0-1 ionic strength pH 7-5 phosphate—sodium chloride 
buffer was used in each instance. The ‘Lusteroid’ 
centrifuge tubes were completely filled with a slurry 
of starch—protein mixture and accelerated briefly to 
20,000 r.p.m. After deceleration, excess fluid was 
removed and more starch slurry added. The packing 
procedure was repeated a second time and excess 
fluid again removed. It is important that the starch 
suspensions be freshly made, since part of the starch 
appears to dissolve slowly with time, destroying the 
effect observed here. 

In the experiment shown in Fig. 1, tube a was 
filled with 5 per cent bovine serum albumin and 
tube 6b with 5 per cent stained bovine serum albumin 
in starch. After 5 hr. at 37,000 r.p.m., the rotor was 
decelerated without braking and the tubes gently 
removed. The distance the protein sedimented in 
free solution was measured by a method previously 
described! ; the sedimentation distance in starch was 
estimated visually. Comparison of tubes a and b 
reveals that the protein moves through starch with 
a fairly well resolved trailing edge at about twice 
the rate observed in free solution. Tubes ¢ and d 
contain uncentrifuged stained bovine serum albumin 
in starch and starch in buffer for comparison with 
tube b. No colour was observed in the upper fourth 
of tube b. Sectioning of the tube showed that the 
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Fig. 1. ‘Lusteroid’ centrifuge tubes containing (a) 5 per cent 
albumin sedimented 5 hr. at 38,000 r.p.m.; (6) 5 per cent stained 
albumin in packed starch after 5 hr. at 38,000 r.p.m.; (ce) 5 per 
cent stained albumin in starch after brief centrifugal packing ; 
(d) starch in buffer for comparison with upper portion of tube 0 ; 
(e and f) 5 per cent albumin centrifuged 6 hr. at 37,000 r.p.m. 
Presence of stain in tube e does not change sedimentation-rate 
appreciably. Tube g contains water 


sedimentation was not confined to the edges. Stain- 
ing the bovine serum albumin does not alter its 
sedimentation noticeably, as is shown in a separate 
experiment (tubes e and f). Further refinements will 
be required for more accurate measurements, since, 
in these observations, the effect of reversible packing 
of the starch during centrifugation could not be 
measured and has been neglected. One effect of such 
packing would be to increase the distance the boun- 
dary must sediment through free solution before 
entering the starch. This could decrease the sedi- 
mentation-rate observed because of slower sedimen- 
tation in free solution, or could increase the observed 
rate bocause fluid expressed from the starch during 
centri ugation would fill a greater length of the tube 
while in starch than when overlaying it. We checked 
the latter point by sedimenting the protein all the 
way to the bottom. The results confirm the find- 
ing of a more rapid sedimentation-rate in starch 
by at least a factor of 2. Experiments are now in 
progress to adapt the analytical ultracentrifuge 
cell to the solution of the problem of reversible 
packing. 

The presence of the starch granules might be 
expected to decrease the sedimentation-rate by 
increasing the length of the path the protein must 
travel and by interacting weakly with it. The oppo- 
site effect observed (an increase in sedimentation-rate) 
is believed to be caused by the presence of a local 
increase in protein concentration on the centripetal 
side of the starch grains caused by collision of the 
sedimenting protein molecules with the starch 
particles. Since the average velocity caused by 
Brownian movement of the proteins studied here 
(and actually up to a molecular weight of several 
million) exceeds the sedimentation velocity obtain- 
able in the ‘Spinco’ Model Z ultracentrifuge, the 
protein molecules would not be held firmly against 
the starch, but would form small zones or caps of 
slightly higher concentration. These zones would 
tend to decant off the starch grains and flow or 
stream down between them until collision with 
another starch grain or randomization by diffusion 
occurred. Flow of this type may be termed ‘micro- 
decantation’. The experiments reported were origin- 
ally carried out to see whether such flow could be 
exploited. Microdecantation offers a number of 
rather unusual possibilities, since it appears that an 
optimum particle-size exists the sedimentation-rate of 
which in starch will be faster than those of either larger 
or smaller particles. The application of these findings 
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to equilibrium centrifugation, to continuous prepara- 
tive ultracentrifugation, and to the sedimentation of 
larger molecules such as deoxyribonucleic acid will be 
discussed elsewhere. 

N. G. ANDERSON 


Biology Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 


1 Anderson, N. G., Biochim. Biophys. Acta, 25, 428 (1957). 


The Anionic Polyelectrolyte, Polyethylene 
Sulphonate, as a New Anti-neoplastic 
Agent 


HEPARIN and related sulphomucopolysaccharides 
have been recognized as mitotic inhibitors for many 
years. Although heparin has been shown to inhibit 
cell division in many biological systems, including 
animal tumours}.*, its anticoagulant activity dimin- 
ishes the likelihood of its producing anti-neoplastic 
activity in man at safe dose-levels. 

The pharmacological properties of several potential 
substitutes for heparin have been explored in man. 
Alopecia, ulceration of the gastro-intestinal tract, and 
finger-nail alteration observed as toxic manifestations 
in some patients who received these compounds may 
have been evidence of antimitotic effects on normal 
rapidly growing epithelium*®. Screening studies of 
anti-neoplastic activity of several of these anionic 
polyelectrolytes, originally synthesized as heparin sub- 
stitutes for their anticoagulant or lipolytic activity 
in vivo, have been undertaken in this Institute. 

This communication concerns the polyethylene 
sulphonates (provided through the courtesy of the 
Upjohn Company, Kalamazoo, Michigan), sodium 
salts of polymers of ethylene-sulphonic acid. For 
equivalent anticoagulant activity, many of the poly- 
mers of polyethylene sulphonate have greater lipolytic 
activity than heparin (Coleman, L. L., personal com- 
munication). These same polymers, active in lipo- 
lysis, have been shown in our work to produce 
substantial suppression of growth in mouse tumours. 
Several such polymers with molecular weights ranging 
between 15,000 and 35,000 have the same anti-neo- 
plastic activities, and are considered here as one 
compound. 

Ehrlich ascites tumour clone 2 and Krebs 2 car- 
cinoma in ascitic form have been maintained and 
studied in Swiss mice. Uniform saline suspensions of 
ascites tumours were transplanted subcutaneously 
along the chest wall. Leukemias Z 1210, and strains 
of L 5178, sensitive and resistant to amethopterin, 
were maintained in dba 2 mice in ascites form and 
transplanted subcutaneously. Carcinoma 755 in C 57 
black mice and sarcoma 180 in Swiss mice were main- 
tained and transplanted as solid tumours. Tumour 
transplantation into mice of one sex was performed ; 
the mice were then allocated 3-5 to a cage at random. 
Treatment began one day after tumour inoculation, 
except with Ca 755, where there was an interval of 
seven days after inoculation. Solutions of polyethy]- 
ene sulphonate, maintained in the frozen state until 
use, were injected in 0-5 cm.® saline into the dorsal 
subcutaneous tissue. Volume of injected material 
and distance from tumour site were such that local 
effect of the drug from high concentration in the 
vicinity of the tumour transplant was improbable. 
Subcutaneous tumours were excised and weighed one 
day after termination of drug treatment, on the 
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PERCENTAGE INHIBITION OF SUBCUTANEOUS TUMOURS BY POLYETHYLENE SULPHONATE ADMINISTERED SUBCUTANEOUSLY 








100 mgm./kgm. once daily 


200 mgm./kgm. once daily 





Tumour Mouse strain 


Percentage inhibition tumour weight* 


aie 
| 


Percentage inhibition tumour weight* 





No. of 


Range 
experiments Max 


Min. 


Average of all 


No. of 
experiments 


Average of all 
experiments 


Range 
experiments N 


Min. 





Ca 755t 














Ehrlich 2 Swi: 


88 
71 
66 
4 
35 

















* Percentage inhibition = (control weight — 


treated weight)/control weight x 100 


t+ Ca 755—Treatment began seven days after tumour inoculation 


sixth or eighth day. ‘Treated and control groups 
numbered 10-20 mice. Sex of the host was apparently 
not a factor influencing response to administration 
of the drug. 

A total of sixty-two consecutive experiments using 
polyethylene sulphonate at dose-levels of 100— 
200 mgm./kgm./day in one subcutaneous injection 
were performed. Eight of these were considered 
unsuitable for analysis because of deaths from 
hemorrhage in excess of 33 per cent. The degree of 
observed inhibition in these eight experiments, 
however, was comparable with the other fifty-four. 
The results of the remaining fifty-four experiments 
are shown in Table 1. The overall survival-rate for 
controls was 98 per cent and for treated mice 88 per 
cent (range 67-100 per cent). In forty-eight of the 
fifty-four experiments average loss in weight of 
treated animals did not exceed 10 per cent of their 
initial weight. Intraperitoneal injection of poly- 
ethylene sulphonate produced inhibition of tumours 
of similar extent to subcutaneous administration, but 
at greater cost in toxicity. The inhibition of Krebs 2 
and Ehrlich 2 tumours, although moderate, is highly 
significant on statistical analysis. The observed 
suppression of growth in the other five tumours is 
substantially greater. Increase of dose to 200 mgm./ 
kgm. inhibited growth more than treatment at 
100 mgm./kgm. in all tumours studied, although 
usually at greater cost in toxicity (93 per cent survival 
at 100 mgm./kgm./day versus 83 per cent survival 
for 200 mgm./kgm./day). Further increase in dosage 
caused greater tumour inhibition, but the greater 
mortality from hemorrhage was prohibitive. 

The anti-neoplastic effect of polyethylene sulphon- 
ate can be recognized without encountering anti- 
coagulant properties of the compound. In fifteen of 
the fifty-four experiments in Table 1, inhibition of 
tumour growth up to 50 per cent (average 33 per cent) 
was seen without hemorrhagic deaths. 

Survival studies involving Krebs 2 tumour in the 
ascites form were considerably foreshortened by 
intraperitoneal hemorrhage from drug _ toxicity. 
Studies of combinations of polyethylene sulphonate 
with protamine, and with other polycations which can 
reverse the anticoagulant properties of the drug, are 
in progress. 

At equivalent weights of drug administered, 
polyethylene sulphonate produces tumour inhibition 
of greater degree with less toxicity than does heparin 
in unpublished studies of our own. In addition to 
inhibition of tumour growth, anticoagulant effect and 
lipolysis, polyethylene sulphonate has also been 
shown to share certain physiological properties with 
heparin : the production of diastolic cardiac arrest in 


isolated frog-heart preparations, reversible by cal- 
cium, production of bone disease resembling osteo- 
porosis and gastro-intestinal ulceration on chronic 
administration (Coleman, L. L., personal communica- 
tion). Studies could reasonably be extended by 
others to establish whether polyethylene sulphonate 
shares other characteristics of heparin: diminishing 
the activities of hyaluronidase‘, fumarase’, ribo- 
nuclease*, deoxyribonuclease I*, and antagonism 
by adenosine triphosphate in several biological 
systems?®,?, Polyethylene sulphonate and heparin in 
low concentrations have already been shown to inhibit 
deoxyribonuclease II of human leukemic leucocytes 
and mouse tumours (Tunis, M., Regelson, W., Wein- 
feld, H., and Sandberg, A., unpublished work). 

Pathological study of treated mice, aside from 
hemorrhages, showed only reticuloendothelial hyper- 
plasia in the spleens of animals which received the 
polymers of polyethylene sulphonate with higher mole- 
cular weights. There are no apparent histological 
differences between treated and non-treated tumours 
as seen with hematoxylin-eosin or Sudan III 
staining. 

We have observed that polyethylene sulphonate, a 
polymer with many chemical and physiological 
properties similar to heparin, has produced inhibition 
of growth in seven transplanted mouse tumours. 
This activity can be separated from the lethal 
anticoagulant effects of the compound by adjustment 
of dose. Exploration of the possible anti-neoplastic 
activity of other anionic polyelectrolytes has begun 
in this Institute, and is indicative of a new class of 
anti-neoplastic agents. 

This investigation was supported in part by a 
research grant, C-—2821, from the National Cancer 
Institute, National Institutes of Health, Public 
Health Service. 

WILLiAM REGELSON 
JAMES F. HOLLAND 


Medicine A Department, 
Roswell Park Memorial Institute, 
Buffalo 3, New York. 
Sept. 20. 
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a-Aminoisobutyric Acid, 6-Hydroxyleucine, 
and agers 35ers from the Hydrolysis 
a Natural Product 


We have been examining the structure of an 
antibiotic supplied to us by the Pharmaceuticals 
Division of I.C.I., Ltd. ; but the work has now had 
to be suspended for lack of material. As there will 
be a considerable delay before it can be resumed, 
some of the results, which may have a wider interest, 
are recorded here. 

The antibiotic (I.C.I. No. 13959), which is unusually 
active against infections of Trypanosoma congolense 
in mice, was produced by a strain of Paecilomyces. 
It was extracted by ethyl acetate and purified by 
chromatography on silica and then on magnesium 
carbonate. The second column separated two non- 
crystalline fractions with antibiotic activity, eluted 
by benzene and methanol respectively. Most of our 
work has been done with the former; but a cursory 
examination suggests that the latter has similar 
structural features to those reported below. 

Several neutral amino-acids were produced from 
the antibiotic by hydrolysis with 6 N hydrochloric 
acid at 100° for 48 hr. They were separated by 
ascending two-dimensional paper chromatography 
with butan-l-ol (10) : ethanol (10) : water (5): 
propionic acid (2) and then butan-1l-ol (10) : acetone 
(10) : water (5): dicyclohexylamine (2)'. Five spots 
were produced with the following ninhydrin colours 
and Ry’s in the two systems: A, blue, 0-60, 0-65; 
B, blue appearing only on heating to 100°, 0-50, 0-36 ; 
C, yellow, 0:45, 0-42; D, grey-green, 0-49, 0-86; 
£, greenish blue, 0-33, 0-35. On a semi-micro scale 
these amino-acids were separated almost completely 
by a 6l-cm. column of ‘Dowex’-50 x 2 cation- 
exchange resin*. They were eluted by N hydrochloric 
acid in the order HZ, B, D, C, A, and then recovered 
from their hydrochlorides with the aid of a short 
column of ‘Dowex’-1 x 2 anion-exchange resin ; 
amino-acids A, B, and D were obtained crystalline. 

The identification of A with L-leucine was made 
by elementary analysis, infra-red spectrum, optical 
rotation and paper chromatography in six solvent 
systems. Likewise, B was found to be «-aminoiso- 
butyric acid. This amino-acid has not previously 
been obtained from natural sources; its closst 
relatives are «-methylserine, also a component of an 
antibiotic*®, and l-aminocyclopropane carboxylic acid, 
which has recently been found among the free amino- 
acids of pears and cowberries‘. 

Like proline and hydroxyproline, amino-acid C 
gave a yellow colour with ninhydrin and a blue one 
with isatin, but was clearly differentiated from them 
by paper chromatography. It was partly crystalline 
but could not be recrystallized satisfactorily ; the 
crystalline reineckate had an analysis (C, 25-4; 
H, 4-4; N, 21-9 per cent) not far from that uired 
for a homologue of proline (C,H,,0,N.Cr(SCN), 
(NH,),—F requires C, 26-8; H, 4:0; N, 21-8 por 
cent). As amino-acid C was distinguished from 
pipecolic acid by paper chromatography and the 
ninhydrin colour, the most likely structure was that 
of y-methylproline, which has previously been found 
among the free amino-acids of apples*. Indeed, it 
appeared on paper chromatography to be identical 
with one component of a partially purified extract 
from apple juice, generously supplied by Mr. L. F. 
Burroughs cf Long Ashton, Bristol. We therefore 
regard C as y-methylproline ; but proper identifica- 
tion must await comparison with a synthetic sample. 
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Synthesis, which we are undertaking, may also 
answer the problems of diastereoisomerism and 
optical activity. 

The conversions of amino-acid D into leucine by 
hydriodic acid and into glycine by sodium hydroxide, 
and its rapid destruction by periodate, were consistent 
with its formulation as §-hydroxyleucine. The 
DL-threo and erythro isomers of this amino-acid were 
synthesized by a method similar to one devised for 
the threonines’. As they were readily separable by 
paper chromatography in butan-l-ol saturated with 
10 per cent aqueous diethylamine®, it was possible to 
assign the structure D- or L-threo-B-hydroxyleucine to 
the natural product ; its infra-red spectrum resembled 
that of the DL-threo-amino-acid but they were not 
identical. This is the first time that 6-hydroxyleucine 
has been obtained from natural sources. Amino-acid 
E was shown to be §-alanine by paper chromato- 
graphic comparison and by the mixed melting point 
(140-141°) of its B-naphthalenesulphonyl derivative. 

Hydrolysis of the antibiotic also produces basic 
substances ; but discussion of their structures and of 
that of the antibiotic itself would be premature. 

We thank Dr. W. A. Sexton for making available 
the antibiotic which had been extracted and purified 
by Dr. A. D. Ainley and Dr. C. T. Calam. We are 
also grateful to the Salters’ Company for a Fellowship 
(to R.C.S8.). 

G. W. KENNER 
R. C. SHEPPARD 


University Chemical Laboratory, 
Cambridge. 
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38-Methoxy-5-androsten-168-ol : a Cytostatic 
and Fungistatic Steroid 


In our search for a superior ‘androgenic’ steroid 
for use in human cancer of the breast, we have 
submitted many such steroids to study in the zebra 
fish-egg test’. Using this bioassay method for 
determination of cytostatic activity, intensely cyto- 
static compounds in the C-19 or ‘androgenic’ steroids 
are difficult to find. To date, our most active com- 
pound is 38-methoxy-5-androsten-168-ol*, this steroid 
having LD50 of 1-2 parts per million. It is very 
interesting that this compound is the exact analogue 
of the steroidal cestrogen 3-methoxyestra-1-3,5(10)- 
trien-168-ol*, which had been previously selected by 
us for use against cancer of the prostate, based on 
fish-egg cytostasis*. Also of much interest in steroidal 
cytostasis is the fact that methyl ether formation at 
C, of 5-androstene-36,168-diol* so strongly enhances 
the activity of this diol, which itself is virtually 
inactive (L.D50 > 10 p.p.m.). Methyl ether formation 
at C, of 1,3,5(10)-cestratrion-3,168-diol* had also 
caused an enhancement (100 per cent) of cytostatic 
activity in the fish-egg test. 

We have also found 38-methoxy-5-androsten-168-ol 
to be among the strongest of fungistatic steroids so 
far tested by us. It is particularly active against 
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Histoplasma capsulatum tested in ‘Difco’ Sabouraud’s 
dextrose agar in culture plates®, having a fungistatic 
effect equal to that of stilbamidine di-isethionate. . 

Table 1 summarizes the comparative effect of 
38-methoxy-5-androsten-168-ol and stilbamidine di- 
isethionate, assayed simultaneously against H. 
capsulatum. 

Curiously, 3-methoxycestra-1,3,5(10)-trien-168-ol is 
relatively ineffective against H. capsulatum in the 
culture plate, producing only partial fungistasis at 
10 parts per million. 

We wish to express our appreciation for the 
generous support of this research by the Lasdon 
Foundation, Inc., Yonkers, New York. 


R. W. JoNnEs 


Department of Zoology, 
Oklahoma State University, 
Stillwater, Oklahoma. 
. G. REBELL 
Departments of Dermatology and Microbiology, 
M. N. HurrmMan 
Department of Biochemistry, 
University of Oklahoma School of Medicine, 
. Oklahoma City, Oklahoma. 
‘ Jones, R. W., and Huffman, M. N., Jrans. Amer. Micro. Soc., 76, 
177 (1957). 
* Huffman, M. N., Lott, M. H., and Tillotson, A., J. Biol. Chem., 
222, 447 (1956). 
* Huffman, M. N., and Lott, M. H., J. Biol. Chem., 218, 348 (1955). 
- <a M. N., Jones. R. W., and Katzberg, A. A., Cancer (in the 
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* Rebell, G., and Lamb, J. H., J. Invest. Dermat., 21, 331 (1953). 


A Colour Reaction of Vitamin E with 
Vitamin K and Cysteine 


A FEW crystals of vitamin K (2-hydroxy-3-methyl- 
1,4-naphthoquinone) and of cysteine (chlorhydrate) 
are added to a solution containing 7—20 ugm./ml. of 
vitamin E (sodium phosphate of alpha-tocopherol). 
The solution is heated up to boiling point. About 
one minute after boiling the solution takes a blue 
tint. The intensity of colour is proportional to the 
content of vitamin E and increases during the 
following three minutes, finally rendering the solution 
opaque. 

The reaction was not obtained when we tried to 
replace cysteine by the following substances : cystine, 
ascorbic acid, sodium hydrosulphite, glutathione, 
glucuronic acid, methionine, and thiourea. 

Nor was the reaction obtained, moreover, when we 
tried to replace vitamin K by the following com- 
pounds: 1,4-naphthoquinone, 2-methyl-1,4-naphtho- 
quinone, sodium -beta-naphthoquinone-4-sulphonate ; 
2,4-dinitro-1-naphthol-7-sulphonic acid, 2-methyl-1,4- 


dipropyl-1,4-naphthoquinone, _1,8-dihydroxy-naph- 
thalene-3,6-disulphonic acid, dimethyl-alpha-naph- 
thylamine, alpha-naphthol and beta-naphthol. 

The colour reaction is completely inhibited by 
pH 2 (hydrochloric acid) or pH 11 (sodium hydroxide). 

If cysteine or vitamin K is added not as crystals 
but as a solution, even when recently prepared, only 
an indefinite tint is produced and the solution 
immediately becomes opaque. 

Vitamin E must be the first substance present in 
the solution and the crystals of cysteine and vitamin 
K must be added simultaneously before heating. 
This sequence is fundamental. 

Raising the temperature accelerated greatly the 
completion of the colour reaction, but the latter is 
produced also without heating. 

The solution containing vitamin E, vitamin K and 
cysteine exhibits a yellow fluorescence, the intensity 
of which is not apparently proportional to the 
concentrations of any of the three ingredients. The 
same fluorescence is produced without vitamin E, 
but not in the absence of vitamin K. 

Extraction with organic solvents added to the 
solution of the three compounds was tried. Ether 
takes a red tint; the intensity of the colour is 
apparently proportional to the quantity of vitamin E 
present in the solution. The red ether solution gives 
a blue fluorescence. Petroleum-ether or acetone do 
not influence the results with ether. A drop of 
N/10 sodium hydroxide extinguishes the red tint of 
the supernatant ether almost completely, whereas 
the blue tint of the original solution takes on a colour 
between green and yellow, depending on the amount 
of vitamin E present. Variations of fluorescence are 
very slight. 

Epvuarpo Cruz-CoKE 


Institute of Physiological Chemistry, 
School of Medicine, 
Universidad de Chile, 

Av. Borgojfio 1470, 
Santiago, Chile. 


Molecular Rearrangement 
in the Reaction of Cysteine with 
i-Fluoro-2,4-Dinitrobenzene 


SincE 1-fluoro-2,4-dinitrobenzene has fungicidal 
properties and is useful for the end-group and 
sequential analysis of proteins, its reaction with 
cysteine was investigated as part of a study of the 
mechanism of action of toxicants which function as 
alkylating agents. In the presence of ten molecular 
equivalents of cysteine the reaction was first order 
with respect to the disappearance of 1-fluoro-2,4- 
dinitrobenzene in dilute aqueous buffer. At pH 7-0 
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cysteine + FDNB — O,N —< >— S—CH,- CH—COO- —- ON 
— NH, 


and 29°C. the half-time for the reaction was about 
38 min. at an initial concentration of 2-7 x 10-5 mole 
of 1-fluoro-2,4-dinitrobenzene per litre. When the 
reaction was followed by measuring the formation 
of the final product by absorption readings at 
360 my, first-order kinetics were not strictly obeyed 
and the half-time was about 40 per cent longer. This 
suggested the presence of a transient intermediate. 

Since it was known that _ 1-fluoro-2,4-dinitro- 
benzene reacted with cysteine and other sulphydryl 
compounds about 10% times more rapidly than with 
compounds containing only primary amino- and 
carboxyl-groups?’, it was suspected that alkylation of 
the mercaptan group occurred initially followed by 
&@ rearrangement to yield an N-substituted product. 
Thus the sequence of events was probably as in- 
dicated in the scheme above. 

Measurements made with a recording spectrophoto- 
meter revealed that the absorption maximum of the 
products shifted from 340-345 my at the beginning 
of the reaction to 360 my after it was complete. 
These values agreed very closely with the maxima 
observed for the reaction products of 1-fluoro-2,4- 
dinitrobenzene with mercaptoacetic acid and glycine, 
respectively, indicating that alkylation of the amino 
group was preceded by alkylation of the sulphydry]l 
group in the case of cysteine. 

Further evidence for a rearrangement was obtained 
by acidifying a reaction mixture with hydrochloric 
acid at half-time and extracting with an equal volume 
of benzene. After separation of the phases, yellow 
colours appeared in both the aqueous and hydro- 
carbon layers. However, when the aqueous layer 
was re-extracted 15 min. later, all the colour appeared 
in the benzene layer. This can be explained if it 
is assumed that product I was positively charged in 
the acid medium because it contained a primary 
amino group, while product II was uncharged because 
the electronegative dinitrophenyl group reduced the 
basicity of the amino group. Thus product I should 
remain in the aqueous phase while product II should 
be extracted into the benzene since the ionization of 
its carboxyl and sulphydryl groups would also be 
repressed by the presence of hydrochloric acid. The 
first extraction should prevent any further formation 
of I since the reactants (cysteine and 1-fluoro-2,4- 
dinitrobenzene) would appear in different phases. 
Therefore, after sufficient time had elapsed for I to 
become rearranged to II, all the yellow-coloured 
material should migrate to the benzene layer on 
re-extraction. 

The final reaction product was isolated from excess 
cysteine by solvent extraction from an acid medium. 
It gave an intensely coloured yellow precipitate with 
silver nitrate, a positive nitroprusside test, and 
reduced iodine, thus providing evidence for the 
presence of a free sulphydryl group. 

It is not known whether this occurrence is of any 
importance in the alkylation of enzymes or other 
proteins by toxicants, but it suggests a mechanism 
by which otherwise unreactive receptor sites could 
be activated by adjacent groups. Thus the amino- 
group of cysteine was alkylated indirectly at a rate 
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about 10° times faster than was observed for the 
direct alkylation of the amino-groups of methionine 
and other similar compounds. 


H. P. BuRcHFIELD 


Boyce Thompson Institute for Plant Research, 
1086 North Broadway, 
Yonkers 3, New York. 


1 Miller, Harold J., Phytopath., 42, 470 (1952). 
* Burchfield, H. P., and Storrs, Eleanor E., Contrib. Boyce Thompson 
Inst. (in the press). 


Detection of a-Ketoglutaric Acid and 
Other Keto-Acids on Paper 
Chromatograms with Ninhydrin 


NumERovs paper chromatographic methods exist 
for the detection of keto-acids as their 2,4-dinitro- 
phenylhydrazone, semicarbazone, and quinoxaline 
derivatives or as the free acids?. By the ninhydrin 
spray test for amino-acids on paper chromatograms, 
it is now possible to detect as little as 1 ygm. per sq. 
em. of «-ketoglutaric acid on chromatograms of plant 
extracts. The procedure described here thus permits 
simultaneous detection of the amino-acids on the 
same chromatogram. 

Soluble plant extracts or known keto-acids were 
chromatographed on Whatman No. 1 paper, water- 
saturated phenol being used as the first solvent and 
n-butanol—propionic acid—water? for the second. After 
drying, the chromatograms were sprayed with 0-1 per 
cent solution of ninhydrin in 95 per cent ethanol 
containing 2 drops of 2,6-lutidine per 100 ml. of 
reagent. The chromatograms were heated at 90° C. 
for 3-5 min. for development of the amino-acid 
colours, after which the papers were allowed to 
stand in the dark at room temperature for at least 
24 hr. Tho resultant reaction with «-ketoglutaric 
acid (recrystallized from acetone and benzene) was 
observed as an intense yellow fluorescent colour 
under 3660-A. light or as a faint yellow colour in 
visible light. «-Ketoglutaric acid migrates near 
glutamic acid with an Rp in water-saturated phenol 
of about 0-2 and in n-butanol—propionic acid—water 
of 0-3. 

A number of other keto-acids were also tried 
(Table 1). Only certain «-keto-acids reacted ; none 
of the §-keto-acids gave positive reactions. Other 
organic acids such as citric, malic, fumaric, lactic, 
glyceric, succinic, and glycolic failed to react. Less 
than 1 pgm. of «-ketoglutaric acid, when spotted on a 
paper, could easily be detected by the procedure ; 
however, 10-20 ugm. were chromatographed for 
testing. For further exploration of the variables 
influencing the reaction, only «a-ketoglutaric acid was 
used since the reaction with this acid was more 
sensitive and faster than those with the other 
keto-acids tested. 

The reaction with ninhydrin was apparently 
specific in that hydrindantin and alloxan did not 
react under the conditions used. Substitution of 
1,3-indane-dione in the procedure gave a light yellow 
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Table 1. 





Colour after 24 hr.t 
in white light in 3660 A. 


None 

Yellow 
Blue-white 
Intense yellow 
Blue-whitet 
Faint yellow§ 
None 


Acid 








Glyoxylic None 
Pyruvic Pale Yellow 
a-Ketobutyric Faint yellow 
a-Ketoglutaric — yellow 
2-Ketogluconic None 
Oxalacetic Faint yellow 
8-Ketoglutaric Pale yellow 

















* Papers heated 30 min. at 90-95° C, after re drin application. 

+ The visible colour in all cases was too weak to be useful as a 
diagnostic test. The Sreenoenee in 3660 A. light was of sufficient 
intensity for easy detectio: 

¢ 2-Ketogluconic acid in the absence of ninhydrin fluoresced with 
equal intensity. 

§ This was Seabaniy caused by the formation of pyruvic acid by 
decarboxylation. 


colour on a faint pinkish background with «-keto- 
glutaric acid; but the spot did not fluoresce in 
ultra-violet light. 

A trace of pyridine derivative in the ninhydrin 
spray promoted more rapid development of the 
yellow fluorescence. Collidine, lutidine, the picolines, 
and pyridine were all effective in varying degrees. 
Neither sodium hydroxide nor sodium acetate were 
effective replacements for the pyridine base under 
the conditions used. In the absence of the pyridine 
base, the yellow fluorescent colour developed more 
slowly over a period of days. The colour reaction 
between amino-acids and ninhydrin on paper chromat- 
ograms is also affected by the presence of pyridine 
derivatives’. In our experience, the presence of 
collidine or lutidine, or both, in the ninhydrin spray 
promotes a variety of colours that are characteristic 
of the specific amino-acids. 

Although heating paper chromatograms after 


spraying with ninhydrin markedly accelerates the 
colour reaction with amino-acids, the maximum 
production of the yellow fluorescence with «-keto- 
acids is best achieved with time in addition to heat. 
For example, small concentrations (<20 ugm.) of 
a-ketoglutaric acid reacted after a few minutes of 
heating to produce little visible colour but some 


blue-white fluorescence. On standing at room 
temperature, the intense yellow fluorescence became 
increasingly apparent in one to a few days. The 
initial blue-white fluorescence is promoted by 
increased time of heating to about 30 min., but not 
longer. When concentrations of «-ketoglutarate are 
large (>20 ygm.), the yellow fluorescence is produc- 
ible within 30 min. of heating, but intensifies on 
standing. 

Development of the yellow fluorescence occurred 
to the greatest extent in the dark. When the 
chromatograms were exposed to continuous illumin- 
ation from a ‘G. E. Daylight’ fluorescent lamp over 
several days, little of the yellow fluorescent material 
developed and, instead, a less-intense dull orange 
colour in 3660 A. light was formed. The colour 
formed by reaction of ninhydrin with amino-acids is 
also known to be destroyed by light with time‘. 

The yellow complex is easily eluted with water 
from the paper chromatograms, but only a broad 
band of light absorption was observed, possibly 
because of contaminants from the spray or the paper. 

When 1 yugm. of «-ketoglutaric acid was added to 
plant extracts of Ricinis communis and then chromat- 
ographed, a marked increase occurred in the yellow 
fluorescence in the position of «-ketoglutarate as 
compared to the original plant extract. Large 
amounts of «-ketoglutaric acid have been shown to 
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be present in the stems of Mentha piperita’. Paper 
chromatograms of soluble extracts from that tissue 
also revealed considerable amounts of «-ketoglutaric 
acid when they were sprayed with ninhydrin according 
to the procedure described. Smaller amounts of 
«-ketoglutaric acid were detected by the ninhydrin 
method in the chromatographed extracts of other 
plants. 
R. RaBson 
N. E. ToLBert 
Biology Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 
1 Ranson, S. L., “Modern Methods of Plant Analysis”, 2, edit b 
Paech, e and Tracey, M. V., 539 (Springer-Ver , Berlin, i968). 
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Enzymatic Dehydrogenation of Hydroxy- 
purines and Hydroxypteridines 


OnE of the steps of the biosynthesis of guanylic 
acid from adenylic acid involves the diphospho- 
pyridine nucleotide-linked dehydrogenation of ino- 
sinic acid to xanthylic acid‘-* : inosinic acid +diphos- 
phopyridine nucleotide+ — xanthylic acid +reduced 
diphosphopyridine nucleotide. When this reaction 
was studied with chicken-liver enzyme extracts by 
following the appearance of the absorption peak at 
340 my characteristic of reduced diphosphopyridine 
nucleotide, a strong reduction of the coenzyme was 
observed not only in the presence of inosinic acid 
but also with the corresponding purine base hypo- 
xanthine. 

In order to study this effect further, an assay was 
set up in which 0-5 uM hypoxanthine, 1-0 uM of 
diphosphopyridine nucleotide and 10 uM of tris 
(trishydroxymethylaminomethane, Sigma Chemical 
Co.) buffer pH 9-0 in a final volume of 0-5 ml. were 
incubated for 30 min. at 37° C. with the enzyme. 
The reaction was stopped by adding 0-1 ml. of 2M 
acetate buffer pH 6-0, and the optical density at 
340 mu was measured in a Beckman DU spectro- 
photometer after diluting to 3-0 ml. and removing 
any precipitated protein by centrifugation. Controls 
without hypoxanthine were run at the same time and 
their optical density at 340 my subtracted from that 
of the experimental tubes. The difference of the two 
values appears in Tables 1, 2 and 3 as A*®, The 
pH of 9-0 was chosen for the assay because it is the 
lowest value at which full activity of the enzyme was 
observed. A series of experiments designed to 


Table 1, ENzYME FRACTIONATION. 
All operations were carried out in the cold room. The enzyme unit . 
arbitrarily defined as the amount of enzyme that gives a A** of 
1-000 under the conditions of our assay 





Purification 
(-fold) 


4 U/mgm. a 
6-8 U/mgm. 1°7 
16 U/mgm. 4 

6-25 
20°7 


Fractionation step Specific activity 





Crude enzyme extract 
Protamine precipitation, 
2 mgm./ml. 
Ammonium sulphate, pH 7-3, 
35-47 pec cent saturation 
Ammonium sulphate, pH 7:6, 
32-45 per cent saturation 
Acetone, pH 7-4, 24-34 per 
cent 


25 v/mgm. 








83 vU/mgm. 
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Table 2. ENZYME SPECIFICITY 


Assay as in text, except that se te controls were run for the 
hydroxypteridines to correct for their absorption at 340 my 





Enzyme 


> 
3 


Substrate 


Hypoxanthine 
Xanthine 





oo 
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Crude enzyme 


5 





5s 


pi | A reer : 
4- yorereewttine 
2,4-Dihydroxypteridine 
2-Hydroxypteridine 
6-Hydroxypteridine 


Hypoxanthine 
4-Hydroxypteridine 
2,4-Dihydroxypteridine 
2-Hydroxypteridine 


Crude enzyme 
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Enzyme fraction 5 

















Table 3. Errgots oF SH-Grovup INHIBITORS AND OF GLUTATHIONE 
The concentrations are the final concentrations in the reaction mixtures. 
Assay as described in text 
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o-Iodoso- 


Glutathione 
benzoate 


p-Chloromercuri- 
benzoate 
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10-° M 10-* M 
10-* M 10-* M 
10-* M = 
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determine the optimal pH of the enzymatic reaction 
showed essentially no activity at pH 8-0, followed 
by a rapid rise in activity between pH 8-0 and 9-0, 
with the activity remaining constant thereafter until 
past pH 11-0. 

To prepare the enzyme, chicken liver acetone 
powder was extracted with 0-1 M tris buffer pH 7-3 
containing 0-2M potassium chloride. After centri- 
fugation, the supernatant liquid was dialysed over- 
night against 0-005 M tris pH 7-3-0-02 M potassium 
chloride and centrifuged again. An approximately 
twenty-fold purification of the enzyme with an overall 
yield of about 25 per cent was obtained by the 
fractionation steps outlined in Table 1. 

When the specificity of the enzyme system was 
examined, it was found that hypoxanthine and 
xanthine are equally good substrates (Table 2), 
indicating that the oxidation of the hypoxanthine 
must proceed to uric acid through xanthine. Adenine, 
purine, uracil and thymine were inert in the system. 
4-Hydroxypteridine and  2,4-dihydroxypteridine, 
however, reacted almost as effectively as their 
purine analogues hypoxanthine and xanthine (Table 
2). This is of interest since relatively little informa- 
tion on the metabolism of the hydroxypteridines is 
available. When 2-hydroxypteridine was used as a 
substrate increased formation of reduced diphospho- 
pyridine nucleotide was noted. 2-Hydroxypteridine 
has been shown to be covalently hydrated across the 
3,4 double bond and to be more prone to permangan- 
ate oxidation than the other hydroxypteridines*, 
and it is tempting to speculate that the 3,4-hydrate 
structure may also be responsible for the greater 
ease of the enzymatic dehydrogenation. It does not 
seem that the same enzyme acts on both hydroxy- 
purines and hydroxypteridines since the partially 
purified enzyme has lost some of its activity towards 
the hydroxypteridines (Table 2). Thee system 
responsible fcr the oxidation of the hydroxypteridines 
is now being studied. 
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Both p-chloromercuribenzoate and o0-iodosoben- 
zoate completely inhibited the enzyme at concen- 
trations of 10-* M and 10-° M respectively (Table 3). 
This, as well as the fact that the inhibition is com- 
pletely reversed by glutathione, indicates that the 
chicken liver hypoxanthine dehydrogenase belongs to 
the group of sulphhydryl enzymes. 

We are grateful to Prof. A. Albert, of the Australian 
National University, Canberra, for the generous gift 
of the hydroxypteridines used in this work. 


JosEF FELLIG 
CHRISTINE E. WILEY 


Research Department, 
Union Carbide Chemicals Company, 
South Charleston, West Virginia. 

July 18. 
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Microchemical Method for the Determin- 
ation of Sakaguchi-positive Antibiotics 


ANTIBIOTICS of actinomycete origin containing a 
guanidine group (such as streptomycin and vio- 
mycin) are known to have an antitubercular action. 
Recently a new antibiotic, primycin, was described! 
as an agent active agaivst various mycobacteria 
and Gram-positive pathogens (0-02 ugm./ml.), and 
also giving a positive Sakaguchi reaction. 

The colour test (l-naphthol and sodium hypo- 
bromite) developed for arginine thirty years ago** 
has been modified by using 8-hydroxyquinoline* and 
naphthol-1-sulphonic-8 acid‘, respectively. However, 
the reproducibility of this reaction was affected to a 
great extent by the concentration of bromine and 
hypobromite, respectively. Ziegler’ was the first to 
mention a selective bromine substitution with the 
use of N-bromosuccinimide. This well-defined 
crystalline compound proved to be extremely well 
suited for the production of nascent hypobromite in 
an alkaline medium: on the alkaline hydrolysis 
of N-bromosuccinimide, the bromine acts as 4 
cation and combines with hydroxyl to form hypo- 
bromite. 

The optimum concentrations of the reactive com- 
ponents were established, using arginine as a test 
substance. Light-absorption did not change when 
l-naphthol was added to the system directly as an 
alkaline solution. Under identical conditions, lower 
values were obtained with 8-hydroxyquinoline. The 
shape of the arginine curves was similar whether 
sodium hypobromite or N-bromosuccinimide were 
used. On increasing the concentration of alcohol 
from 5 to 80 per cent in the system, the extinction 
values of the solutions showed a linear decrease. 
The method of adding the N-bromosuccinimide 
(dropwise addition, pouring, etc.) affected the 
intensity of the colour developed. A mean of 
thirty determinations of arginine (20 ugm./ml.) was 
¢ = 0-644, with a standard deviation of + 0-0122. 
Thus, the relative error of the method was + 0-4 per 
cent. 

The naphthol reagent (0-01 per cent) was prepared 
by adding to 5 ml. of a 0-2 per cent ethanolic solution 
of l-naphthol (anal. grade) a 10 per cent aqueous 
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solution of sodium hydroxide (anal. grade) to make 
up exactly 100 ml. The reagent is stable for seven 
days at 0° C. For the N-bromosuccinimide reagent, 
448 mgm. of that substance (anal. grade), equivalent 
to 200 mgm. bromine, was made up in 100 ml. of 
10 per cent ethanol; it is stable for 5 days at 0° C. 
A 40 per cent aqueous solution of urea was used. 
The standard solution of arginine was a solution of 
arginine chlorohydrate (anal. grade, La Roche) 
(10-20 ygm./ml.). 

The solutions and reagents are cooled to 0° C. 
(30 min.), then 5 ml. of the solution to be tested is 
pipetted into ordinary numbered test-tubes (1). Fora 
blank test, distilled water and reagents were used. 
Then 2 ml. of naphthol reagent is added, the tubes 
shaken and allowed to stand for 3 min. In the 
meantime, 0-5-ml. portions of N-bromosuccinimide 
reagent are pipetted into separate glass-stoppered 
test-tubes (2) placed parallel to test-tubes (1), and a 
medical syringe is filled with a cooled solution of urea. 
Then the liquid in test -tubes (1) (solution to be tested + 
naphthol reagent) is rapidly poured into the N-bromo- 
succinimide reagent in tubes (2). A vivid red colour 
appears, the blank remaining colourless. Afterwards, 
the tubes (2) are vigorously shaken and 1 ml. of urea 
solution added in 15 sec. Extinction values were 
read in 5 min., against blanks, using a Unicam 
photoelectric colorimeter with a blue filter. 

The N-bromosuccinimide method has been used for 
the determination of primycin, streptomycin and 
viomycin. The content of active substance in 
unknown solutions was obtained by extrapolation of 
the standard curves of solutions of known concen- 
tration (see Fig. 1). Antibiotics dissolved in organic 
solvents immiscible with water, such as n-butanol, 
may be investigated directly provided they are shaken 
with the cooled solutions of the reagents. In this 
case, the red colour appears in the organic phase. 
Arginine could not be transferred into the butanolic 
phase. A close correlation was found to exist between 
the intensity of biological action of antibiotics and 
the c-values read. 

The detection by paper chromatography of Saka- 
guchi-positive antibiotics and arginine was carried 
out also with the use of N-bromosuccinimide. The 
paper strips were dipped into a 0-01 per cent solution 
of 1- “naphthol in 5 per cent methanolic sodium hydrox- 
ide, dried in air, the spots developed by a cooled 
0-5 per cent solution of N-bromosuccinimide and 
stabilized by a 40 per cent solution of urea. 
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Details of the present work will be published 
elsewhere. 
I. SzmAcyr 
I. SzaB6é 
Department of Antibiotics, 
Research Institute of Experimental 
Medical Sciences, 
Hungarian Academy of Sciences, 
Debrecen, 12. 
1 Vélyi-Nagy, T., Uri, J., and Szilagyi, I., Nature, 174, 1105 (1954). 
* Sakaguchi, S. Biochem. J., 5, 25 (1925); Jap. Med. J.,1, 278 (1948). 
* Weber, C. J., J. Biol. Chem., 86, 217 (1930). 
* Kraut, H., Schrader-Beis tein, E., and Weber, M., Hoppe-Seyl. 
Z. phys. Chem., 286, 248 (1951). 


“neg. 5 K., Spath, A., Schaaf, E., Schumann, W., and Winkelmann, 
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Activity of Glucose-I-phosphate on 
Liver Steatosis 


Four groups of rats were employed in studying the 
influence of glucose-1-phosphate on liver steatosis, 
induced by a high-fat, low-protein diet in rats: one, 
which served as control, was on a normal diet, and 
the remaining groups were placed on the steatogenous 
diet of Handler! for 30 days. Of the latter groups 
one did not receive any treatment, one was treated 
with 3 gm./kgm. of glucose per os daily and the last 
one was treated with 3 gm./kgm. of glucose-1-phos- 
phate daily. Treatment with glucose or glucose-1- 
phosphate was started 15 days after the administra- 
tion of the steatogenous diet. The effect of treatment 
was studied by determining the liver content of total 
lipids, glycogen and easily hydrolysable phosphorus. 

The following procedures were adopted: method 
of van der Vies for glycogen*, method of Fenn for 
total lipids*, method of Le Page for hydrolysable 
phosphorus‘. 


Table 1 





Content of rat livers 
Total lipids 
(gm./ 
100 gm.) 





No. of 
animals 


Treatment Glycogen 


(gm./ 
100 gm.) 


Hydroipeabie 
5) 2 


fo0'en gm. ) 
15-22+0-75 

7:28+0°32 

8-09 +0°29 





Normal diet 
Steatogenous 
diet 


Steatogenous 
diet + glucoset 

Steatogenous 
diet +glucose- 
1-phosphate t 


4°88 +0-23 
16°16+0-47 
12 -2240°37 


3-97 40°27 
2°2140°21 
2°39 +0-26 


7°7740°29 | 3°77+0°24 | 13-654.0°58 























Data represent the mean + the standard errors of the means. 
The differences between groups 1 and 2, 2 = 3, 2 and 4, 3 and 4 
were tested a. In all cases P < 0-0 
ae  mepnascas hydrolysable in 7 min. in Nr hydrochloric acid at 

t Treatment began 15 days after the administration of the steato- 
genous diet. Glucose and glucose-1-phosphate were administered per os 
at the daily dosage of 3 gm./kgm. Rats were killed 30 days after the 
beginning of the secatneusioen diet, 


Glucose-l-phosphate was more effective than 
glucose both in preventing fatty infiltration of the 
liver and in bringing it back to normal when steatosis 
was already established. In the latter case g'icose 
did not show any appreciable activity (see Table 1). 

GIULIANA GIALDRONI-GRASSI 
Istituto di Ricerche Terapeutiche 
A. Fleming, Via Biella, 8, Milano. 
1 Handler, P., J. Biol. Chem., 178, 295 (1948). 
* van der Vies, Biochem. J., 57, 410 (1954). 
* Fenn, W. O., oe Biol. Chem., 128, 297 (1939). 


“Le Page, G. ; “Manometric Techniques and Tissue Metabolism’’, 
185 Cnc Pub. Co., Minneapolis, 1951). 
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Inhibiting Effect of Chlorpromazine on the 
Experimental Production of Liver Cancer 


REcENTLY, Griffin, Rinfret and Corsigilia' reported 
that development of hepatic tumours in rats fed on 
a diet containing 0-06 per cent 3’-methyl-4-dimethyl- 
aminoazobenzene may be effectively inhibited by 
hypophysectomy. Chlorpromazine is a phenothiazine 
derivative, which is used medicinally as a potent 
depressant for the interbrain. Aron, Guelfi and 
Voisin’ reported an atonic effect of this drug on the 
sensibility of the pituitary gland induced by stress. 

The present communication deals with the results 
of the subcutaneous injection of chlorpromazine on 
the incidence and growth of tumours induced by 
4-dimethyl-aminoazobenzene. In these experiments 
chlorpromazine injection was begun with a dose of 
100 ugm. in 1 ml. of cold sterile distilled water and 
continued at intervals of two days, increasing by 
100 ugm. per dose after about every four injections. 
A group of fifteen rats of mixed breed weighing 70— 
153 gm. were fed for the first month with a diet 
containing 0-02 per cent 4-dimethyl-aminoazobenzene, 
during the second month with one 
containing 0-04 per cent, and there- 
after with a diet containing 0-06 per 
cent, until the dose for each rat 
totalled about 500-600 mgm. In 
addition, 1 ml. of distilled water 
was injected every two days over 
a period of six months (group 1). 
A second group of twenty rats was 
given the same diet but with in- 
jections of chlorpromazine (group 
2). A third group consisted of 
fifteen rats fed on the basal diet 
without 4-dimethylaminoazobenz- 
ene but given chlorpromazine. The 
basal diet consisted of unpolished 
rice containing 2-71 mgm. ribo- 
flavin per kgm. and 73-7 gm. pro- 
tein per kgm., supplemented by 
unlimited quantities of water and 
some greenstuff, daily. The amounts 
of basal diet consumed totalled 
1,011—1,154 gm. per rat. The ex- 
periments, which began on June 16, were terminated 
six months later. 

During the course of this investigation, it was 
noted that, among the animals which received 
chlorpromazine until they died or those killed at the 
end of the experiment, rats weighing 70-100 gm. 
showed more decrease in weight and higher mortality 
due to respiratory infections than those weighing 
110-153 gm., suggesting toxicity of the drugs. Most 
of the thirteen rats which were given about 505— 
599 mgm. of 4-dimethyl-aminoazobenzene for a 
period of 162-183 days (group 1) developed hepatic 
cancer (Fig. 1). On the other hand, the group given 
chlorpromazine as well (group 2) showed carcinoma 
of the iiver in 1 out of 6 rats which survived the 
same period. Further, in group 1, the induced liver 
cancer attained considerable size after six months 
when compared with the livers of group 2, and 
metastases sometimes appeared in the abdominal 
lymph nodes and lungs. These results may suggest 
delay due to chlorpromazine in the formation of 
hepatic neoplasia induced by 4-dimethyl-amino- 
azobenzene. 

Histologically, noticeable alterations were found in 
the hypophysis and adrenal glands as well as the 
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liver. In the two groups treated with chlorpromazine, 
atrophy of the pituitary gland was noticed, and the 
anterior lobe consisted largely of the chief cells 
(chromophobes) with the number of chromophils 
markedly decreased. In the adrenal glands, pyenosis 
of nucleus and vacuolation of cytoplasm were seen 
in the cortical cells. Parenchymal cells of the liver 
were somewhat atrophic and degenerative. Precan- 
cerous changes, such as nodular hyperplasia or 
cholangiofibrosis, were rarely seen except in one case 
where hepatoma developed, although cirrhotic changes 
of the liver were observed. 

Recently, Peters, Gartner and Krais* have shown 
that a combination of radium therapy and chlor- 
promazine brings about in mice an increase in the 
effect of radiation on ascitic tumours, and that the 
effect of the drug is based on an increased inhibition 
of mitoses, a reduction of the excitatory reactions 
produced by irradiation and an increased incidence 
of damaged cells and of cells in the stages of division. 
It may be supposed, therefore, that the inhibitory 
effect of the drug for carcinogenesis induced by 
4-dimethyl-aminoazobenzene is due to the delay in 


Fig. 1. "Livers obtained after 180-183 days. Upperrow: group 2 (4-dimethyl-aminoazobenzene 
and chlorpromazine). 


Lower row : group 1 (4-dimethyl-aminoazobenzene) 


transition from the precancerous to the cancerous 
stages. 

Longer experiments with more experimental 
animals are under way with the view of obtaining 
definite conclusions. 

We thank Shionogi and Co., Ltd., for the gift 
of chlorpromazine (‘Wintermin’), and Prof. K. Hotta 
and Dr. T. Oyama for their encouragement and 
advice. This work was assisted by a grant from the 
Niihama Psychiatric Hospital Foundation (Dr. Y. 
Fujita). 
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Antibody Formation by Isolated Cells of 
Hen Spleen after mixing with Antigen 
in vitro and Transfer to Chicks 


Recentiy, Sterzl' used newborn animals as 
recipients for the transfer of tissues producing anti- 
bodies as infant animals cannot produce antibodies 
after administration of antigens during the early post- 
natal period*. This experimental model has been used 
successfully by Mitchison*, who evoked antibody 
production in chicks after transfer of spleen tissue 
from strongly immunized hens. Dixon and Weigle‘, 
however, were unable to demonstrate the useful- 
ness of infant animals for the demonstration of anti- 
body formation after transfer of tissues from animals 
immunized 24 hr. previously. In further work, 
when cells mixed with antigen in vitro were trans- 
ferred, results were again negative’. In the work 
reported here, the possibility of using infant animals 
soon after birth as recipients was tested. 

Normal white Leghorn hens (weight 1-5-2 kgm.) 
were used as donors of spleen cells. No antibodies 
to Salmonella paratyphi B and Brucella suis could 
be found in their serum by agglutination. These 
were used as antigen. Spleen cells were isolated 
according to Sterzl*. Isolated spleen cells were 
diluted quantitatively (6 x 107) according to counts 
in a Bircker chamber either with phosphate physio- 
logical saline or directly into a suspension of heat- 
inactivated bacteria (Salmonella paratyphi B 12 x 10? ; 
Brucella suis 36 x 107). After 10 min. of incubation at 
room temperature they were injected by the intra- 
peritoneal route into Leghorn chicks 48-56 hr. after 
hatching. 1 ml. of suspension was administered to 
each bird. Blood from the chicks was obtained by 
cardiac puncture 3, 5, 7, 9, 12, 16, 24 and 31 days after 
transfer of a mixture of spleen cells and bacterial 
antigen. Further details of the lay-out of the experi- 
ment and results are apparent from Table 1. Positive 
results were obtained with the mixtures ; but results 
were negative when only a suspension of bacteria 
or spleen cells alone was given. 

Cells must be transferred to animals of the same 
species. Results were negative when spleen cells 
from rabbits mixed 7m vitro with antigen Brucella suis 
was given to chicks (Table 1). 

The results of Dixon and Weigle*® are not in 
agreement with ours. These authors conclude that 
infant animals are not suitable as recipients and that 
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the environment of infant animals cannot provide 
conditions necessary for the realization of the first 
phase of antibody formation. On the other hand, 
the results presented here, together with those of 
Sterzl'.*, are supported by the work of Simonsen’, 
who injected reticulo-endothelial cells from adult 
hens into chick embryos and young chicks. Using 
the Coombs test he detected antibodies produced 
by adult cells against the antigens of the recipient. 

It is concluded that infant animals incapable of an 
antibody reaction to an antigenic stimulus are suit- 
able for studying the conditions for antibody forma- 
tion by isolated mesenchymal cells. 


Z. TRNKA 


Division of Immunology, 
Institute of Biology, 
Czechoslovak Academy of Science, 
Praha 6. 
1 §terzl, J., Immunological Conference of ag ge Academy of 
Science (Nov. 29—Dec. 1, 1954); Fol. , 1, 193 (1955). 
* §terzl, J., and Trnka, Z., Nature, 179, 918 peor 
8 Mitchison, N. A., Fol. Biol., 3, 72 (1957). 
‘ Dixon, J. F., and Weigle, O. W., J. Exp. Med., 105, 75 (1957). 
* Dixon, J. F., and Weigle, O. W., Fed. Proc., 16, 411 (1957). 
* Sterzl, J., Fol. Biol., 3, 1 (1957). 
* Simonsen, M., Acta Path. Mikrobiol. Scand., 40, 480 (1957). 


Presence of Plasma Globulins in the 
Hyaline Tissue in Cases of Silicosis 


Previous chemical results! obtained by one of us 
show that the hyaline tissue in cases of silicosis 
contains appreciable amounts of non-collagenous 
proteins. In fact the determination of the amino- 
acid composition, and the ultra-violet absorption 
spectrum of the residue left after extraction of 
collagen by autoclaving, suggested the presence of 
proteins chemically related to B- or y-plasma globu- 
lins. These proteins constitute up to one-half of the 
total protein content of the original tissue. In order 
to ascertain beyond all doubt the presence in silicosis 
hyaline tissue of plasma globulins, it was decided to 
investigate whether proteins having the immunol- 
ogical properties of plasma globulins could be iden- 
tified in it. Hyaline tissue was therefore isolated 
carefully from the pulmonary nodules of three cases 
of typical silicosis immediately after autopsy. The 
tissue was washed and homogenized in saline with a 


Table 1 





Source of cells 


Amount of 
cells injected 
into recipient 


Amount of 
antigen 


of chicks 
ric hr. after 
hatching) 


No. of survivi 
chicks in 
experiment 


No. of chicks 


at 


least 12 days 
after tran: 


er 


Maximum titre 5-9 
days after transfer* 


Beginning of anti- 
body formation after 
transfer (in days)* 





Spleen of normal 
adult hen 

Spleen of normal 
adult hen 


Spleen of normal 
adult hen 


Spleen of normal 
adult hen 


Spleen of normal 
adult rabbit 
Spleen of normal 
adult rabbit 








6 x 10° 
6 x 10’ 


6 x 10° 
6 x 10’ 
6 x 10’ 





S. paratyphi B 
12 x 10° 


8S. paratyphi B 
2 x 10° 





48-56 
48-56 
48-56 
48-56 


48-56 
48-56 
48-56 
48-56 





19 10 
2 
5 

20 











16, 8, 16, 16, 8, 
16, 16, 16, 8, 8 


0, 0, 0, 0, 0 

128, 64, 128, 64, 
128, 32, 64, 128, 
128, 32, 32, 8, 8, 
ai 8, 16, 8, 8, 0, 
0, 0, 0, 0, 0 

0, 0, 0,0 

0, 0, 0, 0, 0, 0, 0 


0, 0, 0, 0 





5, 5, 5, 5, 5, 
5, 5, 6, 7, 7 
negative until 31st 


y 
16, >31, >31, >31, 
31 


5, 5, 5, 5, 5, 5, 5, 
7,7, 7, 9, 9, >8t, 
>31 


Negative until the 
3lst day 
>12, >12, >12, 16 


12, 81, 31, >381, 
31, >31, >31 
Negative until the 

8ist day 





* Figures are arranged in such a way that those situated in the same place in each column always correspond to one experimental animal. 
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blade blendor (15 min. at 30,000 rev./min., excessive 
heat being prevented by water cooling). The result- 
ing suspension was then washed and homogenized 
six further times with saline to remove all traces of 
serum or lymph. The serum of a rabbit previously 
immunized with normal human serum was absorbed 
twice with a third of its own volume of homogenized 
and washed silicosis hyaline tissue and was then 
used as antiserum for immunoelectrophoresis (using 
the technique of Grabar and Williams*). The antigens 
used were a pooled normal human serum electro- 
phoretically separated in an agar plate ; as a control, 
the same antiserum was absorbed with an equal 
amount of normal human lung treated in the same 
way as the silicosis hyaline tissue. 

The results of these experiments are shown in 
Fig. 1; while the unabsorbed immune rabbit serum 
reacts against the human pherogram with fourteen 
different bands of precipitation (not all visible in 
Fig. 1, 2,4,5) and no changes are observed after 
absorption with normal lung (Fig. 1, 1), the band 
of reaction with the protein fraction electrophoreti- 
cally spread in the zones of $- and y-globulins 
disappears when the immune serum has been absorbed 
with silicosis hyaline tissue, all other bands remaining 
unmodified (Fig. 1, 3). It is concluded that a single 
type of rabbit antibodies against human serum 
proteins has been removed by absorption with 
silicosis hyaline tissue. 

As @ more quantitative test, aliquots of the anti- 
human rabbit serum, (i) untreated, (ii) absorbed with 
normal lung homogenate, and (iii) absorbed with 
silicosis hyaline tissue have been titrated against 
D-sensitized Rh-positive red cells (indirect Coombs 
test). It is apparent from Table | that the same 
amounts of silicosis hyaline tissue homogenates 
absorb about thirty times more anti-y-globulin 
antibodies than the normal lung homogenate. Three 
different samples of normal lungs and the hyaline 
tissue from three cases of silicosis have been analysed 
by these techniques, giving identical results. 


O— + 
B B, 





horesis in agar plates (Grabar’s tech- 
seek’ wena subjected to electrophoresis: whole normal 
human serum, Immune sera (in the longitudinal wells). 
(2, 4, 5) Serum of rabbit immunized with whole human serum, 
untreated ; (1) same, absorbed with homogenate of normal human 
lung: (8) same, absorbed with homogenate of silicotic nodule ; 
(6) serum of rabbit immunized with homogenate of silicotic nodule. 
A, Albumin; «,, @:, 8;, 8, and y refer to the respective globulins 


Fig. ] 
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Table 1. The antiglobulin serum is titrated against Rh-positive red 

cells, cua pow 6 A sensitized with an incomplete anti-D serum. cells 

(normal -sensitized), homogenates of normal lung and of silicotic 

oa ak were washed ten times before being used for absorption. 

5, 4,3, 2,1 = decreasing a agglutination ; 0 = no agglutina- 
tion 





Anti-human globulin serum 





Absorbed (0-5 Dilutions 
gmjmlL)ywith: | 2* 2* 2° 2° o* 2* 2° 22% Qu 





Non-sensitized 
red cells 
Rh-sensitized 
red cells 
Normal lung 
Normal lung 
Normal lung 
Hyaline sili- 
cotic tissue 
Hyaline sili- 
cotic tissue 
Hyaline sili- 
cotic tissue 
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Homogenized and washed silicosis hyaline tissue, 
prepared similarly to that used in absorption experi- 
ments, was then injected intraperitoneally into 
rabbits, and antisera were quickly obtained which 
reacted with normal human serum electrophoretically 
separated in an agar plate, giving a single line of 
precipitation extending through the zone of 8- and 
y-globulins (see Fig. 1, 6). The occurrence in these 
anti-silicosis hyaline tissue sera of antibodies specific 
for antigens peculiar to the silicotic nodule, but 
absent from normal human serum, is being investi- 
gated. 

We can therefore assume that the acellular silicosis 
hyaline tissue contains a globulin fraction which may 
be identified with a plasma-globulin having definite 
antigenic properties and an electrophoretic mobility 
corresponding to that of 8- or y-globulins. It is well 
known that circulating antibodies* and properdin‘ 
belong precisely to this fraction. 

Our results are therefore consistent with the 
hypothesis that an antigen-antibody or a properdin- 
substrate precipitation plays a part in the genesis of 
silicosis hyaline tissue. Further details will be 
published elsewhere’. 

This work has been supported by a grant from the 
European Community for Coal and Steel. 
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Transfer of Sheep Keds, Melophagus ovinus 
(L.), from Ewes to their Lambs 


Ir has regularly been stated’.? that sheep.keds (pre- 
sumably of all ages) are transferred from ewes to their 
lambs. To this transfer has been attributed muck 
of the decline in ked populations on ewes during 
the spring and summer*. In detailed studies of be- 
haviour of sheep keds on ewes after parturition, it has 
been observed at Lethbridge that only newly emerged 
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keds are transferred to the lambs. The older keds 
on the ewes gradually die off as a result of infection 
with Trypanosoma melophagium*®. These conclusions 
were drawn from observations that no puparia 
appeared on lambs until the latter were 4-6 weeks 
old, and that all keds seen on lambs up to four weeks 
of age were small ones. Bequaert’ has summarized 
the work of other authors, and claims that the ked 
deposits its first offspring in 14-30 days after it has 
emerged. On 10 lambs examined at Lethbridge, 
there were found an average of 11-6 + 6-53 keds 
and no puparia on lambs two weeks of age, 43-3 + 
23-2 keds and 1-5 + 1-8 puparia at four weeks of 
age, and 137-3 + 59-84 keds and 25-5 + 18-34 
puparia at six weeks of age. 
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Effect of Age of Young Dairy Calves on 
Dry-Matter Digestibility of Alfalfa Pellets 


SUCCESSFUL attempts to rear dairy calves on high- 
quality forage (dry-matter digestibility more than 
70 per cent) without grain feeding have been reported 
by McCullough et al.1, McMeekan* and Roy et al.’. 
Utilizing similar forage, Preston e¢ al.‘ investigated 
the effect of age on digestibility and intake with 
calves 3-9 weeks old. Their findings suggested that : 
“(a) rumen development is anatomical; (b) the 
development of microflora—in respect of their 
ability to ferment and digest grass dry matter—is 
instantaneous or practically so, and is dependent on 
there being a suitable substrate in the rumen’’. 

Since all previous work with young calves had 
been done with highly digestible forage, it seemed 
desirable to determine the apparent effect of age on 
the digestibility of a lower-quality forage. Four 
Guernsey calves were fed whole milk at 10 per cent 
of birth weight and alfalfa meal pellets free choice 
from birth to 12 weeks of age. Morrison lists the 
TDN of similar alfalfa as 57 per cent. Dry-matter 
digestibility was determined from grab samples 
at weekly intervals from 6 to 12 weeks of age. 
Previous work by Kane et al.6 and Cook et al.’ 
had shown the chromogen technique* to be suitable 
for similar hays, and the work of Preston et al.‘ 
had indicated that milk fed simultaneously with 
forage did not affect the digestion of grass. The 
pellets were unpalatable to the calves and intake 


DRY-MATTER DIGESTIBILITY OF FORAGE AND AVERAGE 
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was low until the calves were 10-12 weeks of age. 
The mean intake was 7 lb. whole milk and 2-0 Ib. 
of pellets. 

Average dry-matter digestibilities and daily gains 
for the four calves are shown in Table 1. 

The results seem to indicate little or no change in 
apparent dry-matter digestibility from 6 to 12 weeks. 
The improved rate of gain after 10 weeks corresponds 
with the observation that the calves were unable or 
unwilling to consume enough alfalfa pellets for good 
growth before this age. The results seem to agree 
with the observations of Preston* and emphasize the 
ability of the calf to utilize forage at a very early age. 


M. E. McCuLLtoveH 
L. R. Sisk 


Georgia Experiment Station, 
Experiment, Georgia. 
Oct. 1. 
a aay ea M. E., and Sell, O. E., Georgia Exp. Sta. Circular N.S. 7 


* McMeekan, C. P., New Zealand Dept. Agric. Bull. 228 (1955). 

* Roy, J. H. B., and Shillam, K. W. G., Farmer and Stock-Breeder 
(Feb. 16-17, 1956). 

‘ Preston, T. R., Archibald, J. D. H., and Tinkler, W., J. Agric. Sci., 
48, 259 (1957). ; 

5 Morrison, H. B., ‘“‘Feeds and Feeding”, 22nd edit. (Morrison Pub. 
Co., Ithaca, N.Y.). 

* Kane, E. A., Ely, R. E., Jacobson, W. C., and Moore, L. A., J. Dairy 
Sci., 86, 325 (1953). 

7 Cook, C. Wayne, and Harris, L. E., J. Amer. Sci., 10, 565 (1951). 

® Reid, J. R., et al., J. Dairy Sci., 33, 60 (1950). 


Sacculina gonoplaxae Guérin-Ganivet, 
1911, a Rhizocephalan Parasite New to. 
British Waters 

Sacculina gonoplaxae Guérin—Ganivet, 1911, is « 
Rhizocephalan parasite on Goneplax angulata (Pen- 
nant) [= Gonoplax rhomboides, L.]. Full details of 
the taxonomy of the genera of the family Sacculinidae 
and of the species of the genus Sacculina are given 
by Boschma (1955)'. 

On April 29, 1957, a single specimen was found on 
a Goneplax angulata, taken from the stomach contents 
of a cod trawled in 50-57 fathoms (about 100 m.) 
approximately eight miles north-west of Bradda 
Head, Isle of Man. The host had a carapace breadth 
of 23mm. Apparently digestion of the crab had not 
yet taken place, suggesting that it had been recently 
swallowed. The dimensions of the parasite were : 
larger diameter, 13 mm., smaller diameter, 7 mm. 

Dr. R. B. Pike, of the Marine Station, Millport, 
Isle of Cumbrae, in a personal communication, informs 
me that he obtained a Sacculina on Goneplax angulata 
on November 3, 1955, which he had provisionally 
identified as Sacculina gonoplaxae. This specimen 
was collected by Mr. Latham, and was taken in the 
Fairlie Channel, Firth of Clyde, in about 30-40 m. 
Dr. Pike’s specimen conformed to the following 
measurements : width of the carapace of Goneplax 
angulata (host), 19 mm.; greatest width of parasite, 
12 mm. 

Both specimens were sent to Dr. Boschma, who 
identified them as Sacculina gonoplaxae. 

Up to now, Sacculina gonoplaxae has been recorded 
from the Gulf of Cadiz, from off the Atlantic coast of 
Morocco, and from various localities in the Mediter- 
ranean. The distribution of the parasite can now be 
extended northwards to the Irish Sea and the Firth 
of Clyde. 

I wish to thank Dr. H. Boschma, director, Rijks- 
museum van Natuurlijke Historie, Leyden, Nether- 
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lands, for his help in identifying the specimen, and 
Dr. Pike for allowing his specimen to be used. 


A. K. NaGaBHusHANAM 


Marine Biological Station, 
Port Erin, Isle of Man. 
Sept. 25. 


+ Boschma, H., Zoologische Verhandelingen, No. 27 (Feb. 23, 1955). 


Influence of Photoperiod on Imaginal 
Diapause in Acridids 

Ir has recently been shown! that the rate of sexual 
maturation in the desert locust (Schistocerca gregaria 
Forsk.) in the laboratory in London is influenced by 
the length of the daily photoperiod. Adults emerging 
in winter or kept in artificial photoperiods correspond- 
ing with winter day-length mature more rapidly than 
those emerging in summer or kept in artificial summer 
day-length. 

The red locust (Nomadacris septemfasciata Serv.) 
has its main outbreak area in the Rukwa Valley of 
Tanganyika, between latitudes 7 and 9° S. The 
adults emerge in March or April and undergo a 
prolonged diapause of 8 or 9 months, finally laying 
their eggs during the rainy season in November and 
December. Uvarov? and Hamilton* showed that this 
diapause was not obligatory and that rapid oviposi- 
tion could be induced by keeping the locusts at high 
temperatures. Hamilton found, however, that this 
could only be done for one generation, after which 
diapause intervened in spite of high temperature. A 
series of breedings which has been carried out in this 
laboratory over a period of three years has shown 
that the occurrence of diapause in conditions of con- 
stant temperature and humidity is seasonal. Locusts 
which emerge as adults in spring and summer mature 
fairly rapidly in 5-10 weeks, whereas those which 
emerge after the end of July or the middle of August 
fail to mature until the following March or April. 
They have, therefore, a diapause of 7-8 months, 
comparable with that of field locusts. Whether or 
not @ group enters diapause depends entirely on the 
time of the year and not on the generation. Thus the 
latest members of the Fl progeny of overwintered 
parents may enter diapause at the same time as the 
F2 progeny ; on the other hand, the earliest emerging 
F2 progeny may emerge before August, in which 
case a third generation is produced without diapause. 

The windows of the breeding-room are not screened, 
and it has been shown that the occurrence of the 
diapause is entirely governed by length of day. Two 
artificially lit cabinets were set up, in one of which 
the daily photoperiod was gradually increased as in 
spring and in the other it was decreased as in autumn. 
Newly emerged adults were kept at various times in 
these two cabinets, and it was found that, whatever 
the time of the year, maturation periods appropriate 
to the artificial seasons were induced. Adults, for 
example, which emerged in the ‘spring’ cabinet when 
the photoperiod had increased to 114 hr. (as in mid- 
March) matured in 69 days, while those which 
emerged in the ‘autumn’ cabinet when the photo- 
period had decreased to 12} hr. (as in mid-September) 
took 223 days to mature. Continuous breeding 
without the intervention of diapause has now been 
maintained for more than two years by the use of 
artificial lighting. Full details of the experiments 
will be published later. 
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Maturation of natural diapause adults occurs in 
spring; but it has been shown that the lengthening 
days are not required for the termination of diapause, 
which occurs at the same time if the locusts are 
deprived of the extra hours of daylight after the 
shortest day. 

Seasonal change in length of day at the northern 
end of the Rukwa Valley (about 7° S.) amounts to 
only 50 min. in the year ; but the most rapid decrease 
in length of day occurs in March, at the time when 
the adults are emerging. From March 1 to April 1 
length of day falls by 14 min., from 12 hr. 12 min. to 
11 hr. 58 min. It has not so far been practicable 
artificially to reduce photoperiod by such small 
amounts. Preliminary experiments with stationary 
photoperiods suggest that these are less effective in 
establishing prolonged diapause than decreasing ones, 
even although the latter may start at a much higher 
level. Stationary 8-hr. photoperiods allow matura- 
tion in 5 or 6 months, and in one experiment adults 
kept with photoperiods of 8, 11 and 133 hr. matured 
in 163, 154 and 78 days respectively. This suggests 
that there is a critical field for effects on maturation 
lying between 11 and 13} hr. Since length of day in 
the natural habitat varies from about 114 to 12} hr. 
the possibility that it is responsible for the establish- 
ment of diapause must be considered. 

The grasshopper Anacridium aegyptium L., which 
inhabits the Mediterranean region, normally has only 
one generation in the year, the adults emerging in 
July and August but not ovipositing until the 
following spring. This species, like Nomadacris, also 
enters diapause in the constant laboratory environ- 
ment. Adults which emerge in spring mature in 
7-12 weeks, whereas those which emerge after the 
end of May usually do not mature until January, 
February or March. Here again rapid maturation of 
summer-emerged individuals can be induced by 
keeping them in artificially increasing day-length. In 
this species diapause appears so early in the year that 
it is necessary to suppose that it is only the increasing 
spring day-length which allows rapid maturation and 
that it is inhibited by the long days of summer as 
well as by the decreasing day-length of autumn. This 
has been shown by Corbet‘ to be the position in the 
larval diapause of the emperor dragonfly, in which 
immediate metamorphosis from the last larval instar 
to the adult occurs in increasing photoperiods, but is 
inhibited both by diminishing and by stationary long 
photoperiods. 

M. J. Norris 


(Mrs. O. W. RicHarps) 


Anti-Locust Research Centre, 
1 Princes Gate, 
London, S8.W.7. 
* Norris, M. J., Anti-Locust Bull. No. 28 (1957). 
* Uvarov, B. P., Bull. Ent. Res., 24, 419 (1933). 
* Hamilton, A. G., Trans. Ent. Soc., 85, 1 (1936). 
* Corbet, P. S., J. Exp. Biol., 38, 1 (1956). 


Ultra-Structure of the Choanocyte Collar- 
Cells in Freshwater Sponges 


As early as 1896 Bidder! mentioned the presence 
of fibrils in the collars of the relatively large collar 
cells of calcareous sponges. Later, the very existence 
of such a structure was denied by several authors 
though confirmed by a few, particularly De Saedeleer* 
and Dubosq and Tuzet*. Kilian* has succeeded 
in demonstrating the existence of fibrillar struc- 





January 4, 1958 


y ae) 


Fig. 1. General view of a ‘vibratile nest’ of E. fluviatilis, as 

observed with the optical microscope (immersion). P—P’ represents 

the plane through which a similar ‘vibratile nest’ has been 

sectioned for observation with the electron microscope 

tures in the much smaller collars of siliceous sponge 
collar cells. That author observed by means of 
the electron microscope whole Spongillidae collar 
cells which were previously dilacerated and fixed. Yet 
he stated himself that the fixatives he used caused 
severe contractions of the collars. De Saedeleer? is 
the only one who suggested that the collar should 
be considered as an ‘eel-trap’ made up from separate 
tentacles. 

It was generally admitted that the fibrils were 
embedded in a common hyaline wall, which they 
would sustain and eventually make contractile. 

We tried to solve the problem of the true structure 
of the collars by the observation of ultra-thin sections 
with the electron microscope. 

The specimen of Spongillidae studied here was 
probably Ephydatia fluviatilis. The absence of 
gemmule in the sample collected made a more 
accurate determination so far impossible. The 


material was fixed in a solution of 2 per cent osmium’ 


tetroxide buffered at a pH of 7-4. 

Fig. 1, representing a ‘vibratile nest’ of Z. fluviatilis 
as observed with an optical microscope, will allow 
a better and easier interpretation of the electron 
micrographs. In Fig. 2 one can see that the collar 


Fig. 2. Electron oa of a vibratile nest, cut as indicated 


in Fig. 1. flagella; G, Golgi apparatus; M, 


C, collars ; 
mitochondria 
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consists only of about thirty fibrils, which have a 
diameter of 0-10-0-l5u. They are heterogeneous, 
visibly consisting of an osmiophil sheath, surrounding 
a less dense pith, itself coated by a less dense layer. 
Their insertion in the cytoplasm does not show 
any particular differentiation. 

In structure, as well as in diameter, they are like 
the microvilosities observed on the surface of the 
flagellated cells in various invertebrate tissues, for 
example, in the gut-cells of earthworms. The collar 
seems to be composed of these fibrils only ; nowhere 
can they be seen to be embedded in any common 
sheath. Nevertheless, sometimes two, or less fre- 
quently several, fibrils may be welded together by 
bridgelike structures. Moreover, such bridges seem 
also to exist between microvilosities in the gill-cells 
of freshwater mussels’. 

Several micrographs which have so far been 
examined strongly suggest that the interfibrillar 
bridges exist only near the bases of the fibrils, which 
would be completely free along their length. We have 
not seen, either in longitudinal or in transverse sec- 
tions, any evidence which could support the idea of 
fibrils, consisting of alternate more and less dense parts. 
Such a structure, as mentioned by Kilian‘, seems to 
be an artefact due to contraction, as he indeed 
suggested himself. 

As it seems to be established from our present 
investigations that the collars really have a web-like 
structure, this has impelled us to reconsider the so far 
generally accepted hypothesis of the functioning of 
these collars. 

A more detailed account of this work, which is 
still in progress, together with further observations 
of the ultra-structure of the complete collar-cells, 
will be published elsewhere. 


R. RasmMont 
J. BovurILton 
P. Castiaux 
G. VANDERMEERSSCHE 
Laboratoire de Zoologie, 
Université Libre de Bruxelles. 
Cememia, 8.P.R.L., 
Centre de Microscopie Electronique, 
9 Avenue des Narcisses, 
Bruxelles-Uccle. 
» Bidder, G., Quart. J. Micro. Sci., 88, 9 (1896). 
® De Saedeleer, H., Ann. Soc. Roy. Zool. Belg., 60, 16 (1929). 
* Dubosq, O., and Tuzet, O., C.R. Soc. Biol., Paris, 129, 296 (19388). 
‘ Kilian, E. F., Ber. Oberhessischen Ges. Natur- und Heilkunde, Neue 
Folge, Naturwiss. Abt., 27, 85 (1954). 
5 Bouillon, J., Semal, P., and Vandermeerssche, G. (in the press). 


Relationship between Some Clovers and 
Ditylenchus destructor Thorne, 1945 


In a previous communication! the nematode 
Ditylenchus destructor Thorne, 1945, was recorded from 
the roots of a numberof plants commonly found on 
Prince Edward Island. Two of these plants, Trifolium 
pratense L. and 7’. hybridum L., are abundant in 
most grass fields on the Island. Further examinations 
of roots of these two species from fields infested with 
D. destructor showed that there were considerable 
numbers of the nematode in the rhizospheres (the 
soil adhering to the roots after they have been dug 
and gently shaken) and some within mature roots of 
these plants but very few in or about young roots. 
Adults and larvze were both present in the rhizo- 
spheres of plants taken from a frozen field in Feb- 
ruary, suggesting that there may be no special 
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Table 1. NUMBERS OF Ditylenchus destructor in RHIZOSPHERES OF 
Various LeGumms, 1954-56. ToTaL Count FROM SIXTEEN PLANTS, 
Four TAKEN AT RANDOM FROM EacH PLOT 





1955 
June 21} July 15 


1954 
July 27 | Sept. 7 
1 
6 


























* One plot (four plants) only. 


overwintering stage of the nematode such as is found 
in D. dipsact. ' 

In 1953 counts of D. destructor in an infested field 
showed that in samples taken from bare soil 5-8 cm. 
distant from 7'. pratense there was one specimen in 
10 c.c. of soil, whereas in the rhizospheres of these 
plants there were more than 2,000. 

In 1954 a small-plot experiment was commenced 
in a field infested with D. destructor to determine the 
species of plants that favour an increase in the 
nematode population. The plots were arranged in a 
balanced incomplete block design in four replications 
and planted in June 1954 with 13 species: Trifolium 
repens, T'. pratense, T. hybridum, Medicago sativa, 
Melilotus officinalis, Agrostis alba, Phalaris arundina- 
ceae, Phleum pratense, oats, barley, soy bean and 
potato. The annual species were replanted in 1955 
in the same plots as in 1954. Random samples of 
four plants from each plot were examined at intervals 
during the summer of 1954 and of 1955. In 1956 
samples of 7’. pratense, M. officinalis, M. sativa, P. 
arundinaceae and Phleum pratense were taken in 
September only. The numbers of D. destructor in 
the rhizospheres of each sample were determined by 
a modified Baermann funnel technique. The roots 
were stained with hot acid-fuchsin lacto-phenol for 
subsequent examination. 

In 1954 fewer than one of D. destructor per sample 
were found in the rhizospheres of any plant species. 
None was found in the stained roots. Root necrosis 
was not observed. 

In the same plots in 1955 D. destructor was abundant 
in the rhizospheres of the legumes, particularly of 
the three species of Trifolium (Table 1). The num- 
bers found in the rhizospheres of the other plants 
were similar to those in 1954. Root necrosis was 
observed in the three species of Trifolium, but not 
in M., officinalis or M. sativa. 

In 1956 large numbers of D. destructor were again 
found in rhizospheres of 7’. pratense and also of M. 
officinalis but not of M. sativa. Root necrosis was 
present in M. officinalis but was not as severe as in 
T. pratense. No necrosis was observed in M., sativa 
roots. 

Examination of the stained roots of the three 
species of Trifolium, sampled in July 1955, showed 
that the cortical tissues of the main root had decayed 
and that the epidermis, although dead, still sur- 
rounded the cortex. A very large number of nema- 
todes, including D. destructor, were found beneath 
the dead epidermis. Necrosis of the cortex of clover 
roots seems to be common in Prince Edward Island 
and is not confined to fields infested with D. destruc- 
tor. The cause of the root necrosis is not known 
although the symptoms are similar to those described 
by Fezer® of a root rot caused by Fusarium spp. 

These observations suggest that the increase in 
numbers of D. destructor may be associated with the 
root necros:s of the clovers. D. destructor is able to 
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live on fungi? and hence the mature clover plant, 
affected by root necrosis, may provide a favourablo 
environment for fungi upon which the nematode is 
able to feed, thus leading to a large increase in the 
nematode population. 

VY. E. HenpErson 


Nematode Section, 
Entomology Laboratory, 
Canada Department of Agriculture, 
Ottawa. 
July 10. 


' Henderson, V. E., Nature, 167, 952 (1951). 
s ary D., Brown, G. L., and James, A. B., Science, 119, 92 


* Fezer, K. D., Dissert. Abst. 17, 939 (1957). 


A Method for isolating Pseudomonas 
mors-prunorum Phages from the Soil 


BACTERIOPHAGES active against plant pathogenic 
bacteria have been isolated from various sources, 
including diseased plant material’, seed* and the soil*. 
We have found the soil beneath diseased cherry, 
plum, and apricot trees to be a prolific source of 
phages for Pseudomonas mors-prunorum Wormald, 
the organism causing the bacterial canker disease of 
stone fruits. Phages were isolated by the following 
method. 

About 150 gm. of soil, consisting of several smaller 
samples taken from near the crowns of young trees 
in cultivated stone-fruit orchards, were placed in 
sterile glass jars and enriched with a 48-hr. culture 
of Ps. mors-prunorum (strain NA3) in nutrient broth 
plus 2 per cent glycerine. This appears to be essential, 
as attempts at recovering phages from unenriched 
soils were unsuccessful. The mixture was shaken 
periodically during the next 48 hr., after which the 
free liquid was decanted and partially clarified by 
ordinary filtration followed by centrifuging at 
3—4,000 rev./min. for 30 min. Next, 5 ml. of the super- 
natant liquid was transferred to a stoppered 20-ml. 
bottle and shaken vigorously with 0-1 ml. of chloro- 
form to kill the bacteria‘. After the chloroform had 
settled out, 1 ml. of the treated soil extract was 
withdrawn and examined for plaque formation by 
the poured plate method’, using N.A3 as the propagat- 
ing strain and a 1 per cent agar medium containing 
peptone (0-5 per cent), yeast extract (0-3 per cent) 
and glycerine (2 per cent), adjusted to pH 7-2 with a 
phosphate buffer. The surface of the agar was dried 
thoroughly at 37° C. and the plates incubated at 
25° C. Plaques, varying in number with different 
soil samples from a few to several hundred per plate, 
were observed after 24 or 48 hr. Single plaques were 
picked off and the phages propagated on young 
cultures of NA3 in a broth of the same constitution 
as the plating medium. The phages were purified by 
streaking, with a glass rod, a small drop of a lysed 
culture across the dried surface of an agar plate 
sown with 1 ml. of a 48-hr. culture of NA3. Isolated 
plaques thus obtained were cut from the agar and 
re-propagated in broth culture. The whole process 
was repeated 2-3 times and the phages finally brought 
to high titre by serial transmissions in broth cultures. 

Chloroform treatment was used as an alternative 
to filter-sterilization and proved very effective ; 
contaminant bacteria were rarely encountered on the 
isolation plates and never in sufficient numbers to 
interfere with plaque formation. By avoiding filtra- 
tion the isolation procedure was considerably simpli- 
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Fig. 1. Phages with different plaque forms, isolated from orchard 
soils using a single propagating strain, NA3, of Ps. mors-prunorum 
(actual size) 
fied and several soil samples could be handled 
simultaneously. Heat treatment (58° C. for 30 min.) 
was also tried as an alternative to filtration, but led 

to inactivation of the phages. 

In a test of the method on twelve soil samples 
taken from beneath cherry, plum and apricot trees 
in several different localities, phages were isolated 
from nine of the samples. The isolates were classified 
into three groups on the basis plaque morphology 
(Fig. 1), namely, large (2 mm.) circular plaques with 
a ‘halo’; medium sized (1 mm.) irregularly-shaped 
plaques ; small (0-5 mm.) pin-point plaques. These 
groups, which have been further differentiated by 
cross-resistance tests, were obtained using a single 
enrichment strain, N.A3, of Ps. mors-prunorum. 

This work was carried out at East Malling Research 
Station. 


J. E. Crossre 


East Malling Research Station, 
Kent. 
M. K. Hrncoranti 


Indian Agricultural Research Institute, 
New Delhi 12. 
July 12. 

‘Chester, K. 8., Zbl. Bakt. II, 89, 1 (1933). 
* Sutton, M. D., and Katznelson, H., Can. J. Bot., $1, 201 (1953). 
* Anderson, H. W., Phytopathology, 18, 144 (1928). 
‘ Fredericq, P., C.R. Soc. Biol., Paris, 144, 295 (1950). 
* Kleczkowska, J., J. Bact., 50, 71 (1945). 


Occurrence of Soft Rot Bacteria in 
Scottish Soils 


A METHOD of isolating soft rot bacteria from soil 
using immature potato tubers as a form of enrichment 
medium was described by Kerr!. He found that of 
twenty Scottish soils examined all contained Gram- 
agai bacteria capable of rotting potato tuber 
S1ICeS. 

When the term ‘soft rot bacteria’ is empleyed most 
workers generally assume that this implies ‘coliform 
soft rot bacteria’, that is, Hrwinia carotovora and 
related species. With this assumption is associated 
the prevalent view that soft rot coliforms are com- 
monly present in soils, and can be isolated readily 
from them. On this basis it is usually considered 
that the organisms isolated by Kerr were Erwinia 
spp., although he did not identify the genus to which 
his isolates belonged. 

A study of the soft rot bacteria in Scottish soils 
was undertaken in connexion with investigations on 
black leg disease of potato, caused by LE. atroseptica. 
During the years 1956 and 1957, seventeen soil samples, 
taken from different localities, and including peaty, 
shale, sandy and clay types, all under current 
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cropping, were tested for the presence of soft rot 
bacteria. Kerr’s technique was used, and soil sus- 
pensions were plated out directly on the salicin agar 
described by Noble and Graham’, and on the pectate 
gel mentioned by Dowson*. A number of isolates 
were obtained from each soil sample by all three 
methods, which were capable of rotting potato tuber 
slices at 26°C. Most of these were Gram-negative 
bacteria, and further examination showed them to 
be members of the genus Pseudomonas. Many of 
these pseudomonads do not produce a fluorescent 
pigment on meat infusion agar, but will do so ina 
medium containing inorganic salts plus an organic 
acid such as gluconic acid, treated with 8-hydroxy- 
quinoline to reduce the heavy metal content, after 
the method devised by Paton*. Such organisms are 
therefore easily confused with coliforms unless ade- 
quate tests are applied. 

In other experiments, heavy suspensions of a 
mixture of two strains of H. atroseptica were poured 
on to 500 gm. of various soils (sandy, clay, shale, peat 
and unsterilized John Innes compost) contained in 
Kilner jars with loose-fitting lids. The jars were 
buried up to the neck in soil in the open during 
November 1955 and 1956, while others were kept at 
room temperature. Using Kerr’s method and the 
salicin agar technique, isolations from all jars, in 
May 1956 and 1957, yielded only soft rot organisms 
of the genus Pseudomonas, none of which could be 
specifically identified. Similar pseudomonads have 
been obtained from naturally rotting tissues of a 
number of plants, including potato, carrot, leek, celery 
and cauliflower. 

Some Gram-positive organisms were associated with 
rotting when Kerr’s technique was used for isolation, 
and all were members of the genus Bacillus. B. 
polymyxa (Voges-Proskauer positive) was fairly 
common, but B. macerans (Voges—Proskauer-negative) 
was obtained on two occasions only. 

It is concluded that in enrichment cultures from 
Scottish soils the dominant soft rot organisms are 
pseudomonads, and not coliform bacteria. 


D. C. GraHamM 


Department of Agriculture for Scotland, 
Scientific Services, 
Department of Plant Pathology, 
East Craigs, 

Edinburgh 12. 
1 Kerr, A., Nature, 172, 1155 (1953). 
2 Noble, M., and Graham, D. C., Nature, 178, 1479 (1956). 
3 Dowson, W. J., Nature, 179, 682 (1957). 
* Paton, A. M., Ph.D. thesis, University of Edinburgh (1956). 


Pectin-decomposing Strains of Pseudomonas 


THE ability of certain members of the genus 
Pseudomonas to cause a soft rot of plant tissue or to 
degrade pectin preparations has been known for some 
time’. It is surprising that this character of the 
pseudomonads has not been given more attention, 
considering the very common occurrence of members 
of this genus in Nature and the economic importance 
of soft rots in plant tissue. 

While investigating cases of tomato stem necrosis 
or soft rot, commonly ascribed to Erwinia carotovora, 
it became evident that the coliform types of pectolytic 
bacteria could not be determined in the majority of 
specimens. The isolates most frequently obtained 
were members of the genus Pseudomonas as char- 
acterized by Dowson*. Two or more members of this 
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genus were usually present in each case as could be 
shown by colony appearances on a nutrient agar 
containing sucrose. At least one strain from each 
specimen of tomato was found to be active in rotting 
sections of tomato stem and it produced the typical 
disease symptoms on inoculation into vigorously 
growing tomato plants. Cucumber, turnip and potato 
slices were actively rotted and inoculation into the 
stems of healthy potato plants resulted in a condition 
similar in appearance to that known as ‘black leg’ 
(#. atroseptica). These strains liquefied a 2 per cent 
pectate gel (A.8S.P. Chemical Co.) superimposed on a 
calcium agar base as in the double layer method of 
Wieringa*. This is at variance with the statement of 
Dowson? that species of Pseudomonas do not liquefy 
pectate gel. 

Following this observation, approximately 400 
strains of Pseudomonas, isolated over a number of 
years from a variety of sources such as soil, water 
and the gut of the earthworm as well as healthy and 
diseased plants, were screened for active pectolysis 
on cucumber slices. A culture was considered active 
if the tissue was reduced to a pulp after 24 hr. 
incubation in a Petri dish containing damp filter 
paper at 27°C. On this basis about 5 per cent of 
the strains tested were actively pectolytic and a 
further 5 per cent produced a slower (2 days) but 
similar action. As these strains were not selected 
originally on the basis of any association with soft 
rots in plants it would appear that the occurrence 
of pectolytic pseudomonads in Nature is commoner 
than has been supposed. The evidence so far collected 
suggests that such organisms may be of greater 
significance than the better-known group of coliform- 
like organisms in causing some types of soft rot in 
plants. These strains of Pseudomonas are now the 
subject of a more detailed bacteriological examination, 
the results of which will be published elsewhere. 


A. M. Paton 


Department of Bacteriology, 
Edinburgh and East of Scotland 
College of Agriculture, 
Edinburgh. 
* Dowson, W. J., Trans. Brit. Mycol. Soc. , 25,215 (1941). Oxford, A. E., 
Nature, 154, 271 (1944). 
* Dowson, W. J., “Plant Diseases due to Bacteria’, 99 (Cambridge 
Univ. Press, 1957). 
* Wieringa, K. T., Fourth Internat, Cong. Microbiol., Copenhagen, 
Abst., 482 (1947). 


Red Cell Agglutinability affected by 
Disease 


Moskowitz and Carb’, studying the effects of 
formalin on red cells, noted that formalin “was 
capable of completely inhibiting the agglutinability 
of red cells by antisera without destroying the 
antigens’. They also directed attention to a number 
of papers recently published describing red cells of 
type A, which are only weakly agglutinated, or not 
agglutinated, by anti-A sera, and it appears that the 
agglutinability of the red cells can be modified in a 
number of different ways, both by disease and by 
genetic effects. In a case described by Weiner et al.?, 
for example, it was considered that modifying genes 
were responsible for this. The most interesting case, 
however, was that described by van Loghem et al.’, 
who thought it “might be possible that the blood 
group of the patient had changed in the course of his 
disease”’. 
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In @ similar case, which we are investigating, the 
patient, S.M., has hypoplastic anemia and has 
received multiple blood transfusions. His blood 
groups are A?, R,R,, M.N.S, P+, Le(a+b—), K-, 
Fy(a—), Jk(a +). 

The ABO group of this patient is of considerable 
interest since his red cells do not react with human 
anti-A of natural or immune variety, nor with immune 
rabbit anti-A serum, but only with human serum 
from certain group O individuals at 16° C. There is 
no agglutination with anti-B sera. No anti-A is 
present in the patient’s serum, but his anti-B has a 
titre of 32. He is a non-secretor of A and H. If his 
red cells are mixed with anti-A serum and washed, 
anti-A antibody may be eluted from the treated cells. 
During his Army career, the patient was grouped as 
a normal blood group A. His wife is group O, with 
both anti-A and anti-B in the serum, and his daughter 
isa normal group A,. Some difficulties were encoun- 
tered in determining the patient’s other groups owing 
to the large number of transfused cells present in his 
blood, but blood from the bone marrow was tested 
as well as the peripheral blood and no difference was 
detected. Recently, transfusions have been purposely 
given of selected groups, so that his own peripheral 
cells can be examined more readily. At this prelim- 
inary stage we have no evidence to suggest that 
antigens other than the A antigen are affected. In 
this case, we feel that this man’s cells originally 
reacted as normal group A and that it is only recently 
that his cells have begun to have these peculiar 
reactions. 

Polyagglutinability is another rare condition that 
arises during infections of various kinds, although on 
occasion the condition has been found in people who 
are apparently healthy at the time they were tested. 
It may be of a transient nature and appear and 
disappear in a short period of time‘. The person’s 
red cells so affected react with a proportion of normal 
sera at a lower temperature but not at 37° C. and 
not with their own serum. Two recent cases, 
both associated with infection, showed unusual 
features. 

In the first case, the patient had a pelvic abscess 
of long standing. Her red cells showed the typical 
changes of polyagglutinability, but the unusual 
feature was that her own red cells reacted weakly 
with her own serum at lower temperatures. Her 
serum contained a pan-agglutinin active at lower 
temperatures but inactive at 37°C. This was without 
blood group specificity. It seems possible in this 
case that this pan-agglutinin arose from some effect 
on the patient’s serum similar to that which caused 
the change in her red cells. 

In the second case, the patient’s red cells showed 
the typical changes of polyagglutinability, but unlike 
other cases these red cells were agglutinated by a 
number of sera at 37° C. The direct Coombs test 
was negative. The patient’s serum contained no 
atypical antibody, but cultures of feces showed a 
growth of Staphylococcus aureus. She had a severe 
anemia of doubtful etiology and died before further 
investigations could be undertaken; it was not 
possible to establish that the in vitro reactions had 
any counterpart in vivo. 

Bessis e¢ al.’ have commented on the fact that 
in sickle-cell anemia the agglutinability of the red 
cells is much reduced or even abolished when the 
cells are sickled, but is normal when they are not 
sickled. 
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These observations show at least three ways in 
which disease can affect the agglutinability of red 
cells. In the first and last instances, there is a decrease 
of agglutinability, but in the first case we have been 
unable to establish any decreased agglutinability in 
respect of any antigen other than the A-antigen. This 
is unlike the experiments of Moskowitz and Carb, 
where the decrease in agglutinability appears to be 
of a more general nature. The change in poly- 
agglutinability is an actual change in the antigenic 
constitution of the red cell; indeed, we have prepared 
sera in rabbits which will agglutinate certain poly- 
agglutinable cells. It is of importance in blood 
grouping work to consider whether disease has 
affected red cell agglutinability in a particular case, 
and it seems possible that study of the mechanism 
by which disease can produce these effects could help 
one to understand the way in which modifying genes 
operate in the production of similar effects. 


F. STRATTON 
P. H. Renton 
JEANNE A. Hancock 


National Blood Transfusion Service, 
Roby Street, Manchester, 1. 
Nov. 25. 
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Caudal Necrosis in Suckling Rats 


THE communication by Njaa et al.1 concerning the 
presence of ‘ringtail’ in newborn rats has prompted 
us to report similar observations in the colony 
maintained at these Laboratories. During the winter 
of 1954-55 signs of ‘ringtail’ were noticed in many 
suckling rats. Generally, these symptoms were seen 
in 8-day-old young rats, the first signs being a 
marked scaliness of the tail and reddening of the tail 
tip (Fig. 1). In many cases the condition of the 


tail deteriorated, resulting in necrosis followed by its , 


severance from the body. Microscopic examination 
of sections of the tails revealed in the early stages a 
marked hyperkeratosis and parakeratosis (Fig. 2). 
There was cedema (spongiosis) and hyperplasia of the 
prickle cell layer, resulting in acanthosis. In some 
of the specimens, the prickle cells at all levels con- 
tained large amounts of keratohyaline granules. The 
hair follicles were slightly dilated and were filled with 
keratinized invaginations of the cornified layers of 
the epidermis. The corium was cedematous and often 
congested with blood. In the more advanced lesions, 
there was extensive eosinophilic necrosis of both the 
epidermis and the corium, accompanied by leucocytic 
infiltration. In general, these histological characters 
closely resemble those observed in the ring tails of 
rats born to mothers deprived of essential fatty 
acids®. 

The phenomenon of ‘ringtail’ observed in the 
newborn rats of our stock colony had the following 
interesting features: (1) The condition was not 
attributable to any significant fluctuations in the 
relative humidity as revealed by a careful study of 
the weather records. Actually, these cases of ringtail 


NATURE 


Fig. 1. Ringtails of newborn rats at various stages of development 


occurred during and after the winter ‘monsoon’ 
period, when the relative humidity ranged between 
68 and 83 per cent. (2) Surprisingly enough, after the 
age of 17 days the condition of animals exhibiting 
‘ringtail’ showed signs of retardation without any 
further aggravation. It is well recognized® that after 
the seventeenth day the young are not entirely depen- 
dent upon maternal milk supply, and, possibly, the 
retardation in the condition could be attributed to the 
nibbling of the stock ration. (3) The sudden outbreak 
of ‘ringtail’ was traceable to a minor alteration in the 
stock ration. The practice of incorporating crude 
shark liver oil in the stock ration (the fat content of 
which was 3 per cent, which is admittedly low) as a 
source of vitamin A, which also is known to be a rich 
source of unsaturated fatty acids, but comparatively 
poor in essential fatty acids, was stopped. Instead, 
a concentrate of vitamin A acetate (‘Vanitin’, manu- 
factured by Hoffmann—LaRoche and Co., Ltd.) was 
introduced. (4) When the fat content of the diet 
was increased to more than 6 per cent by the addition 
of the peanut oil, there was a dramatic response 
resulting in the complete eradication of ‘ringtail’ in 
the suckling rats. None has been seen for the past 
three years. 

These features would indicate that probably the 
nutritional status of the mother rats, particularly 
with regard to the essential fatty acid content of the 
stock diet, plays an important part in the develop- 
ment of ‘ringtail’ in newborn rats. It is not unlikely, 
however, that besides inadequacy of fat, environ- 
mental factors such as the one suggested by Njaa 
et al. (loc. cit) might also play a part. In this con- 
nexion it may be pertinent to mention that the skin 


Fig. 2. Photomicrograph of the epidermis of a rat tail showing 
marked hyperkeratosis, parakeratosis and acanthosis. Hem- 
atoxylin and eosin. (180) 
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lesions of essential fatty acid deficiency are known to 
be enhanced by a lowering of the relative humidity‘. 
P. K. Dixsurr 
S. SRrmRAMACHARI 


Nutrition Research Laboratories, 
Indian Council of Medical Research, 
Coonoor. Oct. 11. 
1 Njaa, L. R., Utne, F., and Braekkan, O. R., Nature, 180, 290 (1957). 


s Guggenheim, M.,and Jurgens, R. Helv. Physiol. et Pharmacol. Acta., 
2, 417 (1944), ‘quoted from Holman, R., T., in “Vitamins”, Vol. 2, 
= And Sebrell and Harris, 292 (Acad. Press, Inc., New York, 
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An Electrical Receptor in Fishes 


Certain families of fishes, namely the Mormyride 
of tropical Africa and the Gymnotidz of Central and 
South America, possess a small electric organ which 
exhibits intermittent activity. Lissmann' found that 
Gymnarchus niloticus Cuv., swimming freely, emitted 
pulses at an even rhythm of about 300 per sec. ; the 
frequency was unaffected by the activity of the fish. 
Similar observations have been made on six species of 
the Gymnotide by Coates et al.* and Coates*, who found 
regular rhythmic discharges the frequency of which 
varied with the species and ranged between 65 and 
1,000 per sec. Again, the rhythm was unaffected by 
the activity of the fish. Coates‘ also reported a low- 
voltage discharge at about 50 per sec. from Electro- 
phorus electricus. Mormyrus kannume has _ been 
reported to discharge pulses at a low rate when 
resting and at 80-100 pulses per min. when disturbed*.*. 

We have found that Mormyrus kannume discharges 
at about 1 per sec. when quiescent in a tank; but 
the discharge accelerates when the fish is disturbed 
and when it swims about. The frequency often 
increases to 30 per sec. under these conditions. The 
discharge continues at a declining rate during 
anesthetization with urethane, but only disappears 
completely when the level of surgical anzsthesia is 
reached. 

All these fishes are reported to react to conductivity 
changes caused by placing metal objects in their 
neighbourhood and also to electrical pulses delivered 
from electrodes’. 

It has been suggested that these impulses form part 
of a sensory system by which the fish detects local 
changes in its environment. Such a suggestion 
implies the possession of some form of receptor for 
electrical pulses. We wish to report some evidence 
for the existence of an electrical receptor in Mormyrus 
kannume. 

Fish of about 30 cm. in length have been used in 
these experiments. It was necessary to keep the 
fish immersed throughout, and since the procedures 
involved exposing tissues to the fluid, frog 
Ringer’s solution was used in the experimental bath. 
Although this solution is almost certainly ‘unphysiol- 
ogical’ for Mormyrus it was sufficiently close for 
minimal tissue damage. The fish were anxsthetized 
with urethane at a concentration of 1: 400 in the 
bath and oxygen was bubbled through the solution. 
Spontaneous respiration remained throughout the 
experiments. 

In Mormyrus, a pair of cranial nerves leaves the 
hind-brair. and after sending a branch ventrally each 
nerve runs along the back, deep to the dorsal fin, 
sending off branches which terminate close to the 
base of the dorsal fin. The general arrangement is 
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Fig. 1. Diagram showing the experimental arrangement. The 
recording electrodes A are shown in position on the dorsal nerve B. 
The recorded monophasic action potentials have been traced and 
are shown attached to the site occupied by the stimulating 
electrodes which elicited them. Ci is the electric organ 


shown in Fig. 1. This nerve has been exposed on one 
side close to its entry into the skull but distal to the 
ventral branch, sectioned, and the cut peripheral end 
placed upon platinum electrodes. The nerve on the 
electrodes was isolated from the bath solution by a 
petroleum-jelly barrier and covered in liquid paraffin. 
The electrodes were connected via a cathode follower 
to a condensei-coupled pre-amplifier and Cossor 
oscilloscope. 

Electrical pulses of 0-1 msec. duration from an 
isolating transformer were delivered between silver 
electrodes placed in the bath but not in contact with 
the fish. This pulse duration approximates the 
natural discharge from the electric organ. The bath 
solution was earthed throughout. Using electrodes 
of 0-8 mm. diameter, 5 mm. long, and 10 mm. apart, 
placed horizontally 10 mm. from the fish on a level 
with the base of the dorsal fin in the middle region, a 
stimulus pulse of about 5 volts was followed by the 
appearance of an action potential in the dorsal nerve. 
Increasing the electrode size, the inter-electrode 
distance and/or the pulse amplitude caused an increase 
in amplitude and duration of the action potential. 
Using a fixed inter-electrode distance and stimulus 
intensity, but moving the electrodes forwards or 
backwards while retaining their position relative to 
the surface of the fish, caused a change in the action 
potential amplitude depicted in the diagram. The 
potential was at a maximum when the stimulating 
electrodes were in the vicinity of the headward part 
of the dorsal fin at the level of its base ; it decreased 
tailwards and it decreased headwards near the 
emerging nerve and beyond it. Raising or lowering 
the electrodes reduced the potential amplitude. The 
time-interval between the stimulus artefact and the 
origin or peak of the action potential decreased over 
the region of the dorsal fin as the stimulating elec- 
trodes approached the recording ones. If it is a fair 
assumption that the current spread between the 
electrodes and the excitation processes are constant, 
then the plot of the time-interval against distance 
gives a velocity of about 100 m. per sec. at the bath 
temperature of about 23° C. for conduction along 
the nerve. Since the nerve contains many large 
myelinated fibres this seems reasonable. Also, towards 
the caudal end of the dorsal fin and beyond it, the 
action potential amplitude decreased, but the time 
interval to peak remained constant. This means 
that the site of excitation was no longer moving with 
the electrodes. 

These results are necessarily incomplete. With 
larger stimulus amplitudes, the shape of the action 
potential becomes more complex, showing other fibre 
groups or the result of a wider stimulus spread. It 
has not been possible yet to obtain a discharge in 
part of the nerve and thus information about the 
localization of receptors, because the nerve deterior- 
ates when its sheath is removed. Again, the substitu- 
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tion of Ringer’s solution for fresh water will affect 
the distribution of current pulses in relation to the 
fish and its environment. Further experiments are 
in progress, and will be reported in detail elsewhere. 

However, we consider that the results so far indicate 
that a receptor system exists in Mormyrus kannume 
which is sensitive to electrical stimuli not delivered 
directly to it and that the receptor system is localized 
to the region of the base of the dorsal fin. 


P. G. Wricur 


No. 4601 
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Effect of Ultra-Violet Irradiation on 
Electrophoretic Properties of 
Serum Protein 


In the course of an investigation of the complement 
and antibody activities of animal sera (to be reported 
elsewhere) the effect of several agents on the serum 
protein has been examined by paper electrophoresis. 
It has recently been demonstrated that while con- 
trolled heat modified in various ways the electro- 
phoretic pattern of serum protein it also affected 
differently the reactiveness of the 
serum with complement. It has 
also been reported? that ultra-violet 
irradiation of immune serum would 
either impair or completely destroy 
the ability to lyse, to agglutinate, 
to combine with toxins, to pre- 
cipitate, to fix complement, or to 
confer passive anaphylaxis. 

Preliminary experiments with 
ultra-violet irradiation of sera 
showed that the complement act- 
ivity of guinea pig serum was com- 
pletely destroyed. by irradiating it 
for 6 hr. at 3° C. On the other hand, 
the complement-fixing antibody to 
canine hepatitis virus in canine 
serum was active, after it had been 
irradiated for 8 hr. at room tem- 
perature. Allirradiated sera acquired 
a characteristic odour resembling 
burnt wool; otherwise no altera- 
tion in the appearance or in pH of 
the serum was observed. However, 
electrophoretic analysis suggested 
that some modification of the protein had taken place 
and, since no observations could be found in the litera- 
ture, it was decided to examine electrophoretically 
the effect of ultra-violet irradiation on the protein of 
sera obtained from healthy adult human subjects 
and three animal species (the dog, rabbit and guinea 
pig). 

Undiluted serum was irradiated either at room 
temperature or at 3° C. in a ‘Vycor’ glass tube, sealed 
with a rubber stopper. The tube was placed horizon- 
tally at a distance of 15 cm. from a 15-W. mercury 
vapour lamp (“Hanovia’) emitting predominantly at 
2537 A. The irradiation was controlled by varying 
the times of exposure. Serum aliquots in ‘Vycor’ 
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electrophoretic pattern of control serum aliquot (N) com 
aliquots irradiated for 2, 4, 6, 8 and 12 hr, Arrows indicate site of application and direction 
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tubes protected from irradiation with tinfoil served 
as controls. Serum aliquots exposed to irradiation 
were withdrawn at intervals and stored, together 
with the controls, at 3° C. until irradiation had been 
completed. 0-0l-ml. aliquots of the control and 
irradiated sera were streaked on filter-paper strips 
for electrophoretic analysis. Paper electrophoresis 
was carried out essentially as described previously’, 
using 3 MM Whatman paper strips. Electrophoresis 
was conducted at constant current (11 m.amp. for 
six strips) for 28 hr. at room temperature using 
sodium 5,5-diethylbarbiturate buffer, pH 8-6. The 
proteins were stained with bromophenol blue, and 
evaluated by direct photometry of the paper strip. 

The results with rabbit serum (Fig. 1) show 
that the protein was similarly modified in all sera 
irradiated either at 3°C. or at room temperature. 
The migration velocities and probably dye-binding 
ability of the protein were affected by irradiation for 
2 hr. Prolonged irradiation resulted in a complete 
change in the electrophoretic pattern. 

Detailed analysis of the relationships between the 
mechanism of electrical transport of the protein and 
the activity in vitro of either antibody or complement 
must clearly await further experimental studies. 
The present work shows, however, that regardless of 
mechanism, electrophoretic analysis of native and 
modified serum protein may provide a better under- 
standing of the activities of antibodies and comple- 
ment. It shows also that serum protein is con- 
siderably denatured by ultra-violet irradiation, as 
judged by paper electrophoresis. 


Fig. 1. Effect of ultra-violet irradiation upon proteins of normal rabbit serum. Paper 


pared with the patterns of 
of run 
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Transmembrane Potentials of Single 
Fibres of the Atrio-ventricular Node 


Recorps of the electrical activity of the atrio- 
ventricular node obtained with extracellular elec- 
trodes'* have not provided a clear picture of the 
mechanism of normal atrio-ventricular delay or the 
changes responsible for partial and complete atrio- 
ventricular dissociation. In the experiments to be 
described the trans-membrane potentials of single 
fibres of the atrio-ventricular node and bundle of 
His have been recorded by means of intracellular 
micro-electrodes in order to obtain an answer to 
these questions. The atrio-ventricular node and His 
bundle have been studied either in the intact perfused 
rabbit heart or in isolated preparations of the right 
atrium and interatrial septum of the same heart. A 
modified Tyrode solution maintained at 33° C. was 
employed in both types of experiments. In most 
instances two intracellular micro-electrodes were 
employed simultaneously to demonstrate conduction 
delay and site of origin of activity. Similar results 
were obtained from both intact and isolated prep- 
arations. 

A micro-electrode inserted in a single atrial muscle 
fibre just proximal to the atrio-ventricular node 
records an action potential typical of this tissue’. 
Another electrode, inserted only 1 mm. away in a 
single fibre of the atrio-ventricular node, records, 
after a conduction delay of 20 msec., an action poten- 
tial similar in voltage-time course to those of the 
sino-atrial node‘ (top trace, Fig. 1, A). This action 
potential differs from that of atrial muscle in that the 
rising velocity is low and diastolic depolarization is 
prominent. If this electrode is moved 1 mm. towards 
the bundle of His and re-inserted in a single fibre of 
the atrio-ventricular node, the action potential is 
virtually unchanged in configuration but appears only 
after an additional delay of 20 msec. (Fig. 1, B). 


Fig. 1. On the bottom trace are trans-membrane potentials 
recorded from atrial muscle just proximal to the atrio-ventricular 
node. The same fibre is employed for records B, C and D. On the 
top trace ave action potentials recorded from single fibres in the 
proximal (A), middle (B) and distal portions (C) of the atrio- 
ventricular node and in the His bundle just distal to the node (D). 
Calibration grid represents 10 mV. and 40 msec./division 
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Fig. 2. A-—D: On the bottom trace are trans-membrane potentials 
recorded from a single fibre of the atrio-ventricular node before 
(A) and after (B-D) application of acetylcholine. Records of 
single-fibre activity in the His bundle (top trace) show the 
driven response (A—Z) and the onset of pacemaker activity (D). 
E and F show activity of a single fibre of the atrio-ventricular 
node under hypoxic conditions. Activity originates in the sino- 
atrial node in Z and in the His bundle in F 


Action potentials recorded from the atrio-ventricular 
node just proximal to the His bundle show an addi- 
tional conduction delay of 20-30 msec. and also an 
increase in duration, increased velocity of rise and 
diminished phase of slow diastolic depolarization 
(Fig. 1, C). Finally, when the micro-electrode is 
inserted in a single fibre of the His bundle, the action 
potential resembles that of a Purkinje fibre®. Tracings 
obtained from fibres of the His bundle distal to this 
site show no additional conduction delay of the same 
order of magnitude as demonstrated within the node. 
Under conditions associated with pacemaker activity 
of the His bundle, the conduction time from the 
pacemaker site to the atrium is similar to that seen 
during normal atrio-ventricular transmission. 

If the atrium is driven at a regular rate by means 
of electrical stimuli and acetylcholine is added to the 
perfusion fluid, records of the trans-membrane 
potential of single nodal fibres show several changes 
of interest. The action potential decreases progres- 
sively in amplitude and velocity of rise (bottom trace, 
Fig. 2, A and B) until conduction fails (Fig. 2, C). This 
failure of depolarization appears in the absence of an 
appreciable change in the level of the resting poten- 
tial. During the period of complete conduction 
block, pacemaker activity originates in fibres of the 
His bundle and is propagated to the ventricle (Fig. 2, 
D). If the concentration of acetylcholine is low enough 
there is some spread of activity in a retrograde 
direction and small depolarizations are recorded from 
atrio-ventricular nodal fibres (bottom trace, Fig. 2, D). 
Graded activity of this type is a prominent aspect of 
nodal activity not only under the influence of 
acetylcholine but also during hypoxia. At times, 
under conditions of poor oxygenation, nodal action 
potentials arise out of every other one of a series 
of small local depolarizations both when activity 
originates in the sino-atrial node (Fig. 2, #) and it 
originates in the His bundle (Fig. 2, F). 

These experiments show that normal atrio-ventri- 
cular nodal delays result from slow conduction within 
the node rather than from refractoriness of nodal 
tissue‘ or from some synaptic-like delay at the 
junction of nodal fibres with those of the atrium or 
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His bundle. The slow conduction is undoubtedly 
caused by the low velocity of rise of the nodal action 
potential. Conduction block caused by acetylcholine 
results from a failure of regenerative depolarization 
of nodal fibres ; slowing of propagation due to the 
same agent is due to changes in the voltage-time 
course of the nodal action potential. During so-called 
escape from acetylcholine inhibition, the pacemaker 
site is in the His bundle rather than in the fibres of 
the atrio-ventricular node. The mechanism for partial 
block (2:1 response) demonstrated also constitutes 
an additional mechanism for conduction delay which 
may be of importance in the diseased heart. Finally, 
graded activity appears to be a frequent occurrence 
in fibres of the atrio-ventricular node. 


Brian F. HorrMan* 
A. PaEs DE CARVALHO 
W. Cartos DE MELLO 
Institute of Biophysics, 
University of Brazil. 
* Fellow of the Guggenheim Foundation. 
University of New York, Brooklyn, N.Y. 
1Scher, A. M., Science, 121, 398 (1955). 
*van der Kooi, M. W., Durrer, D., van Dam, R. th., and van der 
Tweel, L. H., Amer. Heart J., 51, 684 (1956). 

‘Hoffman, B. F., and Suckling, E. E., Amer. J. Physiol., 173, 212 
(1953). 

‘West, T. C., J. Pharm. Exp. Therap., 115, 283 (1955). 

‘Draper, M. W., and Weidmann, 8., J. Physiol., 115, 74 (1951). 

* Katz, L. N., “Clinical Electrocardiography”’ (1956). 


No. 4601 


Present address: State 


Physical Bases of the Electrohysterogram 


INTERPRETATION of the electrical activity associated 
with the uterine contractions of labour has been 
beset with many difficulties. For the most part, the 
studies have concentrated on certain fast components’, 
and did not readily iend themselves to physiological 
interpretation. In this laboratory a uterine electrical 
complex bearing a one-to-one relationship to the 
uterine contractions of labour has been demonstrated, 
and the techniques described’. 

With the aid of multichannel recording techniques 
now under development, additional information about 
the appearance of the electrohysterogram has been 
obtained. With two-channel recording of the elec- 
trical activity on the right and left sides of the uterus 
in active developing labour, the wave-forms have 
been observed to be repetitive on each side, yet with 
interesting differences as between the sides. On the 
left side the wave-form shows an initial large spike- 
like variation, followed by a sharp diphasic reversal 
and thereafter slow recov- 
ery. On the right side, 
activity seems to begin 30 
earlier, and to consist of an 20 
oscillatory repetitive dis- 10 
charge during most of the 
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matical approach is perfectly general and applies to 
any system in which excitation may be presumed to 
be spreading radially from a source, the excitation 
wave being considered by him to be preceded by 
sources and followed by sinks, that is, to be based 
upon dipole considerations. 

The following equation for the potential of an 
exploring electrode was developed : 
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the integrals being complete elliptic integrals (of 
Legendre ; cf. ref. 3). With evaluation, a predicted 
wave-form was plotted®. In Fig. 1, the mathemati- 
cally predicted wave-form is shown on the left, and 
the experimentally observed wave-form of the left 
side of the uterus is shown on the right half of the 
figure. The excellent correspondence between the 
left-sided wave-forms observed in the human electro- 
hysterogram and the wave-form as developed from 
theoretical considerations is evident. From this 
agreement between theory and experimental evidence 
the following tentative conclusions may be drawn : 
(1) The human uterus in developing labour behaves 
electrically like an auricle, namely, as a single- 
chambered organ in which electrical excitation 
spreads radially from a single source. (2) The uterus 
in developing labour is normally under the hegemony 
of a single pace-maker. (3) Dipole considerations have 
validity only if the measurement is being made at 
distances relatively far from the source: hence the 
observed wave-form picked up on the left side of the 
uterus is presumably relatively far from the source. 
In the effort to elucidate the wave-forms from the 
right side, work on the electrical activity at the 
cardiac sinus node was of interest. Van Der Kooi et 
al.* showed that an oscillatory discharge was asso- 
ciated with the specific activity of the node. We 
made a comparison, similar to that of Fig. 1, of the 
activity at the sinus node and the right-sided uterine 
wave-forms, and found good agreement. From this 
interesting evidence, as well as from the measurements 
cited above, arises the suggestion that the particular 





vontractile epoch, followed 
by a fast monophasic shift 
and a slow recovery. 

In an investigation of the 
theoretical implications of 
these wave-forms, the cardiac 
investigations of F. N. Wil- 
son have been utilized®. He 
considered theoretically the 
electrical effects of radial 
excitation. Wilson had in 
mind the auricle, with ex- 
citation spreading from the 
sinus node, but the mathe- 
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On the left is shown the predicted wave-form, as plotted from the equations 

by Wilson. On the right is shown the left-sided wave-form, as recorded in a 
normally developing labour. The spike-like initial variation was correlated with a visible, 
palpable contraction. The calibration signal shown represents 5 mV., and the time of 
this complete complex along the horizontal axis is about 4 min. 
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Transmembrane Potentials of Single 
Fibres of the Atrio-ventricular Node 


Recorps of the electrical activity of the atrio- 
ventricular node obtained with extracellular elec- 
trodes!* have not provided a clear picture of the 
mechanism of normal atrio-ventricular delay or the 
changes responsible for partial and complete atrio- 
ventricular dissociation. In the experiments to be 
described the trans-membrane potentials of single 
fibres of the atrio-ventricular node and bundle of 
His have been recorded by means of intracellular 
micro-electrodes in order to obtain an answer to 
these questions. The atrio-ventricular node and His 
bundle have been studied either in the intact perfused 
rabbit heart or in isolated preparations of the right 
atrium and interatrial septum of the same heart. A 
modified Tyrode solution maintained at 33° C. was 
employed in both types of experiments. In most 
instances two intracellular micro-electrodes were 
employed simultaneously to demonstrate conduction 
delay and site of origin of activity. Similar results 
were obtained from both intact and isolated prep- 
arations. 

A micro-electrode inserted in a single atrial muscle 
fibre just proximal to the atrio-ventricular node 
records an action potential typical of this tissue*. 
Another electrode, inserted only 1 mm. away in a 
single fibre of the atrio-ventricular node, records, 
after a conduction delay of 20 msec., an action poten- 
tial similar in voltage-time course to those of the 
sino-atrial node‘ (top trace, Fig. 1, A). This action 
potential differs from that of atrial muscle in that the 
rising velocity is low and diastolic depolarization is 
prominent. If this electrode is moved 1 mm. towards 
the bundle of His and re-inserted in a single fibre of 
the atrio-ventricular node, the action potential is 
virtually unchanged in configuration but appears only 
after an additional delay of 20 msec. (Fig. 1, B). 


Fig. 1. On the bottom trace are trans-membrane potentials 
recorded from atrial muscle = proximal to the atrio-ventricular 
node, The same fibre is employed for records B, C and D. On the 
top trace are action potentials recorded from single fibres in the 
proximal (4), middle (B) and distal portions (C) of the atrio- 
ventricular nede and in the His bundle just distal to the node (D). 
Calibration grid represents 10 mV. and 40 msec./division 
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Fig. 2. A—D: On the bottom trace are trans-membrane potentials 
recorded from a single fibre of the atrio-ventricular node before 
(A) and after (B—D) application of acetylcholine. Records of 
single-fibre activity in the His bundle (top trace) show the 
driven response (A—Z) and the onset of pacemaker activity (D). 
E and F show activity of a single fibre of the atrio-ventricular 
node under hypoxic conditions. Activity originates in the sino- 
atrial node in EZ and in the His bundle in F 


Action potentials recorded from the atrio-ventricular 
node just proximal to the His bundle show an addi- 
tional conduction delay of 20-30 msec. and also an 
increase in duration, increased velocity of rise and 
diminished phase of slow diastolic depolarization 
(Fig. 1, C). Finally, when the micro-electrode is 
inserted in a single fibre of the His bundle, the action 
potential resembles that of a Purkinje fibre’. Tracings 
obtained from fibres of the His bundle distal to this 
site show no additional conduction delay of the same 
order of magnitude as demonstrated within the node. 
Under conditions associated with pacemaker activity 
of the His bundle, the conduction time from the 
pacemaker site to the atrium is similar to that seen 
during normal atrio-ventricular transmission. 

If the atrium is driven at a regular rate by means 
of electrical stimuli and acetylcholine is added to the 
perfusion fluid, records of the trans-membrane 
potential of single nodal fibres show several changes 
of interest. The action potential decreases progres- 
sively in amplitude and velocity of rise (bottom trace, 
Fig. 2, A and B) until conduction fails (Fig. 2, C). This 
failure of depolarization appears in the absence of an 
appreciable change in the level of the resting poten- 
tial. During the period of complete conduction 
block, pacemaker activity originates in fibres of the 
His bundle and is propagated to the ventricle (Fig. 2, 
D). If the concentration of acetylcholine is low enough 
there is some spread of activity in a retrograde 
direction and small depolarizations are recorded from 
atrio-ventricular nodal fibres (bottom trace, Fig. 2, D). 
Graded activity of this type is a prominent aspect of 
nodal activity not only under the influence of 
acetylcholine but also during hypoxia. At times, 
under conditions of poor oxygenation, nodal action 
potentials arise out of every other one of a@ series 
of small local depolarizations both when activity 
originates in the sino-atrial node (Fig. 2, #) and it 
originates in the His bundle (Fig. 2, F). 

These experiments show that normal atrio-ventri- 
cular nodal delays result from slow conduction within 
the node rather than from refractoriness of nodal 
tissue* or from some synaptic-like delay at the 
junction of nodal fibres with those of the atrium or 
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His bundle. The slow conduction is undoubtedly 
caused by the low velocity of rise of the nodal action 
potential. Conduction block caused by acetylcholine 
results from a failure of regenerative depolarization 

of nodal fibres ; slowing of propagation due to the 
same agent is ‘due to changes in the voltage-time 
course of the nodal action potential. During so-called 
escape from acetylcholine inhibition, the pacemaker 
site is in the His bundle rather than in the fibres of 
the atrio-ventricular node. The mechanism for partial 
block (2:1 response) demonstrated also constitutes 
an additional mechanism for conduction delay which 
may be of importance in the diseased heart. Finally, 
graded activity appears to be a frequent occurrence 
in fibres of the atrio-ventricular node. 


Brian F. HorrMan* 
A. PaEs DE CARVALHO 
W. CarRLos DE MELLO ~ 
Institute of Biophysics, 
University of Brazil. 
* Fellow of the Guggenheim Foundation. Present address : 
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* Katz, L. N., “Clinical Electrocardiography” (1956). 


No. 4601 


State 


and van der 


Physical Bases of the Electrohysterogram 


INTERPRETATION Of the electrical activity associated 
with the uterine contractions of labour has been 
beset with many difficultios. For the most part, the 
studies have concentrated on certain fast components’, 
and did not readily lend themselves to physiological 
interpretation. In this laboratory a uterine electrical 
complex bearing a one-to-one relationship to the 
uterine contractions of labour has been demonstrated, 
and the techniques described?*. 

With the aid of multichannel recording techniques 
now under development, additional information about 
the appearance of the electrohysterogram has been 
obtained. With two-channel recording of the elec- 
trical activity on the right and left sides of the uterus 
in active developing labour, the wave-forms have 
been observed to be repetitive on each side, yet with 
interesting differences as between the sides. On the 
left side the wave-form shows an initial large spike- 
like variation, followed by a sharp diphasic reversal 
and thereafter slow recov- 
ery. On the right side, 
activity seems to begin 30 
earlier, and to consist of an 20 
oscillatory repetitive dis- 10 
charge during most of the 
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matical approach is perfectly general and applies to 
any system in which excitation may be presumed to 
be spreading radially from a source, the excitation 
wave being considered by him to be preceded by 
sources and followed by sinks, that is, to be based 
upon dipole considerations. 

The following equation for the potential of an 
exploring electrode was developed : 
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the integrals being complete elliptic integrals (of 
Legendre ; cf. ref. 3). With evaluation, a predicted 
wave-form was plotted*®. In Fig. 1, the mathemuati- 
cally predicted wave-form is shown on the left, and 
the experimentally observed wave-form of the left 
side of the uterus is shown on the right half of the 
figure. The excellent correspondence between the 
left-sided wave-forms observed in the human electro- 
hysterogram and the wave-form as developed from 
theoretical considerations is evident. From this 
agreement between theory and experimental evidence 
the following tentative conclusions may be drawn : 
(1) The human uterus in developing labour behaves 
electrically like an auricle, namely, as a single- 
chambered organ in which electrical excitation 
spreads radially from a single source. (2) The uterus 
in developing labour is normally under the hegemony 
of a single pace-maker. (3) Dipole considerations have 
validity only if the measurement is being made at 
distances relatively far from the source: hence the 
observed wave-form picked up on the left side of the 
uterus is presumably relatively far from the source. 
In the effort to elucidate the wave-forms from the 
right side, work on the electrical activity at the 
cardiac sinus node was of interest. Wan Der Kooi et 
al.4 showed that an oscillatory discharge was asso- 
ciated with the specific activity of the node. We 
made a comparison, similar to that of Fig. 1, of the 
activity at the sinus node and the right-sided uterine 
wave-forms, and found good agreement. From this 
interesting evidence, as well as from the measurements 
cited above, arises the suggestion that the particular 





contractile epoch, followed 
by a fast monophasic shift 
and a slow recovery. 

In an investigation of the 
theoretical implications of 
these wave-forms, the cardiac 
investigations of F. N. Wil- 
son have been utilized*®. He 
considered theoretically the 
electrical effects of radial 
excitation. Wilson had in 
mind the auricle, with ex- 
citation spreading from the 
sinus node, but the mathe- 
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Fig. 1. 
develo: 
normal! 
palpable contraction. 


On the left is shown the predicted wave-form, as plotted from the equations 

by Wilson. On the right is shown the left-sided wave- form, as recorded in a 
y developing labour. The spike-like initial variation was correlated with a visible, 
The calibration signal shown represents 5 mV., and the time of 
this complete complex along the horizontal axis is about 4 min. 
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wave-form observed on the right side is associated 
with pace-maker activity. 

Thus an electric wave-form which is synchronous 
with the uterine contraction can be demonstrated at 
some time during developing labour. The wave- 
form is dominantly monophasic in certain areas, and 
diphasic elsewhere. In the area of monophasic 
wave-form, higher-frequency components may be 
seen which may be related to the focus of activity. 

On the basis of the available electrical evidence, 
the following hypotheses may be suggested: (1) The 
human uterus in labour behaves electrically as a 
single-chambered, auricle-like structure. (2) The 
contractions of the human uterus under the given 
conditions are controlled by a single pace-maker. 
(3) Under ordinary conditions, this pace-maker seems 
to be on the right side. (4) Excitation of the uterus 
is basically radial in normally developing labour. 

This research was supported by a grant-in-aid 
from the United States Public Health Service, 
RG4462. 

8. D. Larxs 
Medical Center, 
University of California, 
Los Angeles 24, 
California. 
Sept. 29. 
* Steer, C. M., and Hertsch, G. J., Amer. J. Obst. Gynec., 
oe E., Morin, P., and Zacouto, F., Presse Med., 
* Larks, 8. D., Fed. Proc., 15, 376 (1956). Larks, S. D., Assali, N. 8., 
Morton, Dp. G., and Seil “ W.A., J. App. Physiol., 10, 493 (1957). 
* Wilson, F. N., Macleod, G., and Barker, P. S., Univ. of Mich. 
Studies, Scientific Sistine, 18, 58 (1933); as reproduced in the 
Appendix to D. Sodi-Pallares “‘New Bases of Electrocardiography” 
(C. V. Mosby Co., St. Louis, 1956). 
* Van Der Kooi, M. W., Durrer, D., Van Dam, R. Th., and Van Der 
Tweel, L. H., Amer. Heart J., 61, 684 (1956). 
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Shaking of Honeybee Queens prior 
to Flight 


RECENTLY Hammann! has published a description 
of the way in which worker honeybees push, pull and 
shake their unmated queen before she leaves the hive 
on her mating flights. After each of these flights the 


‘attacks’ subside somewhat, but they increase in 
frequency once again before the next flight, only 
ceasing finally when the queen commences egg-laying. 
Hammann lists several types of movement which the 
workers make around the unmated queen, and of 
these she found that shaking was by far the most 
frequent. This movement has been described pre- 
viously®.* (although no evidence as to its function has 
been put forward), and consists basically of a rapid 
vertical vibration of the worker’s body lasting 1-2 sec. 
while its legs grasp either the queen or another 
worker. 

Hammann states that she has never seen an 
established queen shaken by the workers, and I 
would agree that for much of the year the queen 
is not normally shaken. The important exception, 
apart from the period between emergence and 
egg-laying, is during the swarming season. At 
this time the colony makes extensive preparations 
which culminate in the departure of the mated queen 
with the swarm*, and during this period the queen 
may very frequently be shaken, as shown in Fig. 1, 
in which is recorded the number of times per hour 
the workers of a small but otherwise normal colony 
in an observation hive shook their queen. Observa- 
tions began on April 11 and the earliest record of 
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Fig. 1. Shaking of the honeybee queen by the workers. A, First 
record of shaking; B, first drone eggs laid; C, first queen cup 
built ; D, departure of swarm 


shaking was on May 30, but it was only after the 
formation of the first queen cup on June 23 that 
shaking reached any major proportions. From then 
on the frequency rose rapidly to a peak on July 13, 
when the queen left the hive with the swarm. A 
similar sequence of events was observed, though in 
rather less detail, in two other colonies. 

From the coincident occurrence of swarm prepara- 
tions and the shaking of the queen it would seem 
evident that the two events are closely connected ; 
furthermore, it is surely not by chance that the only 
times when the queen is shaken are before she flies 
out from the hive, either with the swarm or on a 
mating flight. It would therefore appear that 
shaking is a mechanism in some way preparing the 
queen for flight. It may also be assumed that the 
incidence of the shaking of the queen is governed at 
least partly by an internal (colony) factor since it 
occurs at definite stages in colony development. It 
may also possibly be influenced by external factors 
such as weather conditions. 

As already mentioned it is known that workers 
may shake other workers, but little information apart 
from a description of the process is available on this 
subject. It is hoped shortly to publish elsewhere the 
results of a series of observations on the shaking of 
workers, but at present it can be stated that, in 
contrast to the shaking of the queen, this occurs 
relatively frequently throughout the year. Moreover 
it, too, appears to have a connexion with flight 


activity. 
M. Detia ALLEN 


Bee Research Department, 
North of Scotland College of Agriculture, 
Marischal College, 
Aberdeen. 
Sept. 9. 
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FORTHCOMING EVENTS 


Monday, January 6 


INSTITUTION OF Post OFFICE ELECTRICAL ENGINEERS 
ry ye of ss Engineers, Savoy Place, Londo’ 
t 5 p.m.—Mr. J. Thompson and Mr. N. Walker: Thy 
notion of Bubseriber Trunk Dialling”. 
Soomsty OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square. London, 8.W.1), at 6.30 p. ‘m.—Prof. G. E. Coates : “Organo- 
metallic Co-ordination Compounds”. 


mn, WC), 


The Intro- 


Tuesday, January 7 


British ComMPuTER Society (at the Northam 
sdvomeeh Technology, St. John Street, London, E. 
oni: oak - Davies: “The Logical Design of the 40 

e 


INSTITUTION OF ELECTRICAL ENGINEERS, MANAGEMENT AND SUPPLY 
SECTIONS (at Savoy Place, London, W.C.2), at 5.30 p.m.—Dr. 
Hancox and Dr. H. Tropper : “The Breakdown of Transformer Oil 
under Impulse Voltages”. 

BRITISH INSTITUTION OF RADIO ENGINEERS (in the Lecture Theatre 
of the London School of Hygiene and Tropical Medicine, Gower Street , 
London, W.C.1), at 6.30 p.m.—Discussion on “Mass uction 
Techniques for Television Tuners” , opened by Mr. P. C. Ganderton. 


Wednesday, January 8 


SOCIETY FOR APPLIED BACTERIOLOGY (in the Barnes Hall, Royal 
Society of Medicine, 1 Wimpole Street, London, W.1), at 10 a.m.— 
Winter Meeting. 


At 2.15 p.m.—(in conjunction with the MicROBIOLOGY GROUP of the 
— OF CHEMICAL INDUSTRY)—Meeting on “New Techniques in 
Microscopy”. 


GEOLOGICAL Society OF LONDON “ Burlington House, Piccadill 
London, W. 1), at 5 p.m.—Prof. F. W. Shotton, F. ck 
Strachan: “The Investigation of a Peat Moor at Rod! 

ridge, Staffordshire” : Dr. D. Flinn: “On the Nappe Structure of 
North-East Shetland” (to be read by Prof. R. M. Shackleton). 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
S.W.1), at 6.80 p.m.—Mr. W. R. Hockaday: “Lifting Equipment” 
(Dugald Clerk Lecture).} 


ci College of 
, at 2.30 p.m. 
” Computer at 


Thursday, January 9 


INSTITUTION OF NAVAL ARCHITECTS (in the Weir Lecture Hall, 
10 Upper Belgrave Street, London, 8.W.1), at 4.45 p.m.—Dr. J. 
Ramsay Gebbie: Amos ‘Ayre Lecture. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.80 p.m.—Scientific Papers. 


Friday, January 10 


SOCIETY OF DYERS AND COLOURISTS, LONDON SECTION (joint 
meeting with the LONDON SECTION of the Om AND COLOUR CHEMISTS’ 
ASSOCIATION, at the Royal ong ‘~*~ House, Piccadilly, 
fondgn, W.1), at 6 p.m.—Prof. W. D. Wright: “Colour for the 


pea East COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(in the Lecture Theatre of the Mining Institute, Newcastle upon 
Tyne), at 6.15 p.m.—Prof. G. H. Chambers : “University Education 
in Marine Engineering”. 

SocreTy OF CHEMICAL mg ee E CHEMICALS GROUP (at 
14 Belgrave Square London Bway a at ¥6.30 p.m.—Prof. |R. M. 
Barrer, F.R.S.: ‘Molecular Siev 


Saturday, January 11 
BRITISH MYOCOLOGICAL Soocrety (in the Large ee Fe at 
Theatre, Birkbeck College, Malet Street, London, W.C.1), at 11 a.m.— 
Scientific Papers. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ADMINISTRATIVE ASSISTANT (graduate of a British university) IN 
THE DEPARTMENT OF Puysios—The Registrar, The University, 
Manchester 18 (January 11). 
 AssISTANT LecTUR R (Grade III) or JUNIOR FELLOW IN (VRETER- 
INARY) PHARMACOLOGY—The Registrar and Secretary, The University, 
Bristol (January 15). 
® CuaIR OF PURE MATHEMATICS—The Secretary, The University, 
Exeter (January 15). 

SCIENTIFIC/SENIOR SCIENTIFIC OFFICER (with a first- or second- 
class honours degree or equivalent, and a knowledge of one or more of 
the following : —- emistry, radiochemistry, low-level counting 
and electronics) at the National Physical Laboratory (D.S.LR.), 
Teddington, for research into dating by radioactive methods including 
setting up of equipment for measurement of carbon-14 in archeo- 
logical a Ministry of Labour and National Service, 
Technical and Scientific oa (K), 26 King Street, London, 8.W.1, 
quoting F.861/7A (January 18). 

» SENIOR LECTURER (with teaching and research experience in | 

field of inorganic chemistry) IN CHEMISTRY at the Universit: 

Sydney, Australia—The Secretary, Association of Universities o 

— ee 86 Gordon Square, London, W.C.1 rb o# mg 
ary 
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JUNIOR LECTURER IN ClvIL ENGINEERING—The Registrar, Trinity 
College, Dublin (January 

PuHyYsicists (with an honours degree or valent qualification 
and preferably experience in one or more branches of non-destructive 
testing) at the corm og Central Electricity ge ges! 
Leather! - into the non-destructive bag na of 
types of materials used in the Tiecteleity gy 0 a 
Director of Establishments, Central Electricity Authority, Winsley 
— London, W.1, quoting Ref. N/514 (January 20). 

LECTURER or ASSISTANT LECTURER IN GEOGRAPHY at the ateer- 
7 of Malaya——The Semetene, Inter-University Council for H 

ucation Overseas, 29 Woburn Square, London, W.C. at oo . 

BRITISH COKB RESEARCH ASSOCIATION FRLLOW (ho ours graduate 
in chemistry, Log eas or applied science relating to fuel ology) 
to work on the ysical chemistry of carbon, under the direction 0: 
Prof. W. F. K mne-Jones—The Registrar, King’s College (Univer- 
sity of Duiain, ay aft ogg 8 oe (January 1). 

CHAIR oF CHEMISTRY in the Universit: College of Ghana—The 
Pell Ban oF Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (January 31). 

LECTURER IN CHEMISTRY at the University Coll of Ghana—The 
Secretary, Tonee-tiaevensiig Council] for — ‘ucation Overseas, 
29 Woburn Square, London, W.C. : (January 81). 

LECTURER IN MATHEMATICS—The Secretary of University Court, 
The University, Glasgow (January 31). 

Lor 7 THE DEPARTMENT OF ZOOLOGY, Victoria etry oy 
Wellington, New Zealand—The Secretary, Association of Universities 
of the British —- 36 Gordon Square, London, W.C.1 


(New nd, Jan $1). 
LECTURER/S SENIOR LECTURER (with a < wee —— in morpho- 
o gical, physiol HISTOLOGY AND 


cal or chemical c logy) 
EMBRYOLOGY at the University of Sydney, tralia—The Secretary, 
Association of Universities of the Brit 





ish Commonwealth, 86 Gordon 
—. London, W.C.1 (Australia, January 31). 

CTURERS IN CHEMISTRY (INORGANIC AND PHYSICAL)—The 
Registrar, The Manchester College of Science and Technology 


Manchester 1 bag cer $1). 

LECTURER or ASSISTANT LECTURER IN BOTANY at Makerere College, 
The University Coll “gt East Africa—The Secretary, Inter-Univer- 
sity Council for Higher aaa Overseas, 29 Woburn Square, 
London, W.C.1 cbaeaypongy Be 

SENIOR LECTURER ECTURER IN RapIoLogy in the Faculty of 
Medicine, University College, Ibadan, Nigeria—The Senate 
Committee o' m Colleges Overseas in Special . Relation, University of 
London, Senate House, London, W.C.1 (Februa: 3). 

NUFFIELD GATOR (with a degree in metallurgy, chemistry 
or po Bang vy and experience in research) IN THE METALLURGY DEPART- 

to conduct research on his own account and help in running 
the Nutt eld Research Group in Extraction Metallurgy—Prof. F. 
— Imperial College, London, 8.W.7 (February 15). 

SENIOR EARCH OFFICER (graduate in ——— cal 
engineering from a recognized university or with equivalent qual 
a — research experience in milling and treatment problems) 

ARTMENT OF MINING AND MBTALLURGIOAL ENGINEERING, 
of ueensland, Australia—The Secretary, Association of 
e British Commonwealth, 36 Gordon resi Rovner London, 
W.C.1 (Australia, February 15). 

BABCOCK AND WILCOX RESEARCH FELLOW IN NUCLEAR ENGINEER- 
1na—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E.1 (February 28). 

REGIUS PROFESSOR OF PHYSIOLOGY in the University of Aberdeen 
ue Secretary, St. Andrew’s House, Edinburgh 1 (Feb- 
ruary 

aa. (graduate with an interest in electronics ~ THE DEPART- 

InDUSTRIES—The is Manchester 


ILE gis 
College of Science and Technology, Manchester 1 (March 1 

PROFESSOR OF PURE MATHEMATICS in the Durham Divis' on of the 
Li nmaay e Registrar, University Office, 46 North Bailey, 
— (March 1). 

ASSISTANT CHEMIST (with a university degree in culture or _ 
cimae'e with postgraduate training or experience in agriculture o 
agricultural science) IN THE DEPARTMENT OF SCIENCE AND AGRI> 
CULTURE, Barbados, to. undertake agronomical investigations—The 
BoD. . Recruitment, Colonia] Office, London, 8.W.1, quoting 

SSISTANT, Grade B (with a good honours degree), FOR MATHEMATICS 
_the Clerk ito. the Governors, South-East Essex Technical College, 
Longbridge Road, Dagenham. 

BIOCHEMIST, Senior or Basic grade (with a B.Sc. degree with honours 
in chemistry or biochemistry or equivalent qualification)—The Group- 
Secretary, Royal Hospital, Wolverhampton. 

LABORATORY TECHNICIAN FOR MEDICAL RESHARCH—mainly chem- 
ical and histological—The See: Welsh National School of Med- 
icine, 34 Newport Road, Cardiff. 

MICRO-ANALYST (Senior Technician grade) IN THE ORGANIC LAB- 
ORATORIES of the Department of Chemistry—Chief fae ean Depart- 
ment of Chemistry, The University, Oxford , Manchester 13. 

Puysicists, Scientific Officer or Senior Scientific Officer 
(with a first- or second-class honours degree in physics or equi ent), 
AT THE age ResEARCH LABORATORY, D.S.I.R., Harmondswo' 
Middlesex, for research on (a) rheology of ‘solid-ligud systems and 
viscous and ip Bene fluids to provide basic information for the 
design of bituminous road mixtures; and (6) the physical pro! ies. 
of concrete including various aspects of its rheology, effect of s 
on construction procedures and properties of hardened concre' 
The Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King — woe 8.W. 1, quoting A. a 

SCIENTIFIO. OFFICER (with a good ‘honours degree 0: uivalent 
in chemistry, a chemistry or Siochenaeier,. with post- 
graduate research experience to Ph.D. level), for research in mineral 
metabolism, with special reference to Vitamin D—The Secretary, 
Rowett Research Institute, Bucksburn, Aberdee’ 

UNIVERSITY DEMONSTRATOR AND LBOTURER (preferably yu 

Bo ged or interest in spectrochemical analysis, X-ray 
emistry) IN palma Busses Reader in 
sity Nacum, Oxford 


N THE 
Universit 
Universities of t 


ome gg Univer 
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JENA‘ GLAS 


NATURE 


The Water Bi-Distiller accor- 
ding to Zellner will produce 
4 litres per hour of sterile bi- 
distillate of the highest purity, 
which will be gas and pyrogen 
free, as well as devoid of re- 
sidue. Its electrical conducti- 
vity is better than 1. 10—6 
The pH value of 


Siemens. 





JENAE® GLASWERK SCHOTT & GEN. MAINZ 
(Western Germany) 


For further information please apply to our representative for 
the United Kingdom: 

Mr. H. V. Skan 238, Hole Lane Northfield, Birmingham, 31. 
Addresses of our representatives in other overseas countries on 
request. 








6.9 signifies its freedom from 
gases, particularly carbonic 
acid. The high degree of purity 
is attained by reason of the 
fact that in the second distil- 
lation the water boils in a 
vacuum. Special arrangements 
enable the vacuum stage to 
be kept pyrogen free. 





JENA Glass for: 
Laboratory articles, 
epparatus for micro- 
biology; instruments 
and apparatus parts. 
Filtration devices, 
KPG products. Glass- 
elektrodes. pH mea- 
suring chains. 











NATURE 


‘PHASE CONTRAST 
OUTFITS - 


@ For excellent performance at  teaibaie 
cost 3 


| @ Fit Baker and other pial made 
to accepted standards. 


TPR ete 


| @ Available in powers X10, X40, X 100 
@ Outfits from £34 8s. 
@ Complete instruments from £107 Iés. 


EXPLANATORY LITERATURE AVAILABLE PHOTOMICROGRAPHIC 
CAMERA for 35 mm. film 


Write for full details of our extensive 
range of Photomicrographic Apparatus 
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METRON WORKS, PURLEY WAY R. & J. BECK LTD. 
CROYDON, SURREY CROydon 3845/6/7 69/71 MORTIMER STREET, LONDON, W.! 


London Showroom : 244 High Holborn, W.C.1 


GRANT 


THE STANDARD LABORATORY WATER BATH 











Range 10°C. to 100°C. 
Sensitivity ..0.25°C. 
Propeller Stirring. 
Stainless Steel Tanks. 


Working Spaces range from 10” x 8" x7" (£27-5-0) 
to 24” x 12” x 11” (€32-0-0) 


GRANT INSTRUMENTS, BARRINGTON, CAMBRIDGE 


Tel. HARSTON 528 
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